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I. Introduction. 

A glance at the map of the Bombay Presidency (Frontispiece) shows that it is a 
place where ecological conditions vary greatly. The province excluding Sind is 
relatively long from north to south, measuring in this direction about 1,100 miles. 
The greatest breadth is about 250 miles, and the average breadtb. is about 200 miles. 
The western boundary of the province is the sea and therefore along the coast one 
gets the customary conditions of high atmospheric humidity and i^ainfall combined 
with a , moderate daily and annual range of temperature. Since the province is 
comparatively narrow from “west to east, one would expect a gradual change in 
climatic conditions as one proceeds inland, but such expectation is upset by the 
appearance of the Western Ghats, a mountainous range whose main ridge runs j^arai- 
lel to the coast. The effect of this ridge is to cause excessive precipitation on the 
ridge itself and to create a rain shadow ” to leeward of it so that there is a sudden 
drop of the rainfall on the eastern side. The isohyets on the map clearly indicate' 

this. [ 

The rainfall takes place between June and October, both months included, and 
is determined by the south-western monsoon. During the months, November to 
May, both included, there is usually no rain. Occasional showers in December or 
April are sometimes experienced. The temperatm-e is at its highest in May, the end 
of dry season, and at, its lowest in the months December and January. Dmiiig tlie 
hottest purj't of the ytiar there also prevail forcible vdnds from the west which increase 
evaporation from soil: and plant. The year falls naturally into the rainy season, the 
cold weather, and the hot weather the limits of these periods not vaT)dng /j(rcatly.' 
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We may connidcr tlie Tainy season to be Jmie to OetoI)oi‘, eold \\^(intli(‘r, Novoirib<‘,r 

to Februaiy, and the liot we^d■Jler, t() May, 

Tlui nndcrlying rock in the luiddlo part of tlie preshhuif-y is Deocim, trap, a volcanie 
rock of great area and deptli- ft weatiiers into a. (li,sintH\gTul:t*.(’l form ciiilt^d ntunini, 
and finally ])rodiices soils of varying depth, t('.x(nire and (Ujlonr, niost of tlo^ soils 
lacking in liumns, none of tlnm acid and most of tiieni luitnrafly well drained by tlie, 
imderlying mumm, The poorer soils Iiave niiKdi ;paj‘tially disinixyraled rock- still 
present, and large boulders are not uncoimuon. 

Laterite, wliicb is a metamorpliic rock and rich in iron Goiu;poun,(Is, oecuirs a,t 
Mahablesliwar, Belgamn, and Eatnagiri on the top of traj) rock. In the south, of 
the presidency we find the deep black clayey soil so snitabh', for cotton < ail ti ration. 

In Gnjarat, on the north, the underlying rock is proba/bly gneiss and pi^ssibly 
slates and the soil is alluvial and very deep. 

We have said suficiiait to indicate tlnit climsite and soil conditions arc varijiblo 
(Diagram. 1) and a corresjionding variability in the vc.g(d.a.tion is i-o be expected. 
We are concerned here with grassland and may say at on(;e -(/hat grassland oeiau's 
in all the conditions cited. 

The long dry season (cold and hot weather) at once rules out the B(,)ml)ay Bri'si- 
dency as a place for typical grassland in ScJiiinixr’s sense, ’•‘The plentiful grass 
whicli exists, consists of (1) jieremiial grasses wliose aerial parts witlior and die. 
(and are often burnt) annually, and whidi ]>ersist ]>y their subtivrrancan rliixomos 
and (2) annual gj’asses of varying length of life whicli jiroduce seed aliout the end 
of rainy season and then <lie, their seed lying dormant in tlui soil during tlni dry 
period aaul germinating at the break of the next rains. 

Tile sudden change of the landscaiie from khaki to green wlien th.e rains bi'enlc, 
and tile almost equally sudden change from green to khaki wlien the rai.ns end. are 
jiheiioniena that delimit the most important jiart of the fndian year. 

A word or two more should be said about tin's period. In tlie Rombay I^resi- 
denoy the rain may occur both in liglit showers and .in devastating cloud-bursts. 
When torrential rains fall there is inuoh rnn-off and a great deal of erosion ucmirs 
especially near the Ghats. Tlie rainfall is sufficient in most jiiaces to determine 
some type of woodland as the climax formation, varying from tliorn-forcst (mostly 
Acacia arahica) to monsoon forest. Teak {Tectona grandis) grows on tlie sh.)])es of 
the W^estem Ghats though to nothing like the size of Burma tealc, and in Kanara 
there is heavy jungle with Tectona, gmndis, Dalbergia latifolia, V. ougeinenm-, 
Pterocarg)us marsupium, Termmalin tomentosa, Acacia catechu, Lagersi rrcinia indica, 
Hardmchia himta, Artocavpus integrifoKa, Mangifera indica, Pongamw glabra, 
and Bassia latifolia. Among the predominating sjiecies where the activities ef man 

* iScIiiinpor, A. F, W. Plant OcoffrapJii/ upon a Ino'iin. p. 17>j. “ A iruod ynisHlaiul 

cUniato is then composed of tho following oloimmtM : — ovr^n if woiik, !i1}nos|>ii'‘!i.'; plot ipil - 
tioTis diiring the vfigotative soason, so that the unporfici.al Koil l^•(>pf in a moist condifion, and fiirll.rr 
0 , moderate degree of heat dniring the same period.” 






Fig 1, Boulders at Kalas. 


Fig. 2. Surroundings of Kalas plot. 
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and animals are curtailed, any area in the Bombay Presidency tends to develop 
its appropriate t_y]io of woodland. Cutting, burning, and especially grazing and 
trampling tend to keep down tree-grovdli and give the grass its chance as a sub- 
climax formation. 

Variations in grassland, including changes in floristic composition, appear to bo 
conditioned chiefly by soil moisture, this again depending on precipitation, soil 
depth, texture, and sloxie. In all tlui areas studied, succession from xeropliytic 
to mesopJrytic grasses is indicated. Conditions determining tlie occurrence of 
xeropliytic species are (1) poor vegetational cover with little power to hold surface 
water, (2) consequent run-o:ff and erosion, (3) shallow soil and (4) considerable slope. 
Conditions determinmg the occurrence of Mesoxihytic species are (1) dense tufted 
vegetational cover capable of holding the surface water, (2) deep retentive soil and 
(3) flat surface. In all conditions the unrestricted growth of grass is itself tlie best 
jireparation for further improvement since this checks rim-ofl; and erosion. Improve- 
ment is, therefore, in geometrical progression. The process has. been watched in 
several parts of the Presidency and the following sections deal with special areas : — 

II. GtRasslands in the Deccan. 

Poona itself is situated in the Bombay Deccan and it was natural tliat this tract, 
in whiah the writers’ head quarters lay, s.hould get a gi*eat jiart of their attention. 
Moreover, the xiractical problem here of producing abmidant good grass on poor 
land with a moderate rainfall was both pressing and interesting. The stations 
where observations were made were Kalas, I’oona, Sirur, Pimpalgaon Basvant, 
Padmavati, and Pandharpur. 

Of these, Kalas is the most important. At Kalas an area of seven acres of the 
worst available soil was leased in 1920 and enclosed. The gi-adual alteration of the 
vegetation was studied. In September 1921 and in February 1924 accidental 
fires occruTed in two patches. From September 1923 strips were deliberately 
burnt, grazed and cut. 

The nature of the land is showm in Plate I, also showing the curious flat toirpyed 
hills of Deccan trap characteristic of the geological area. 

Permanent metre quadrats were laid out in six typical places within the fenced 
plot and the vegetation ehaii;ed annually in October. Accurate meteorological 
readings wore taken on the spot. 

.At the end of the hot weather in the gras,sland of which the Kalas plot is typical, 
there is very little vegetable cover left (Plate 11, fig. 1). Cattle have grazed it 
down in the preceding rains and fii’e has destroyed most of the aeri.ul parts. 
Quadrats laid out outside the fenced area and charted in 1924 show how miuih 
absolutely unoccupied space there is in a tjqDical spot ten feet each way. 

Wide stretches of land are in this condition. Acacia ambica, Opuntia elatior, 
Zizjj‘phus jujuba, Lantana camara, and Calatropis gigantea, all being xeropliytic treovS 
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or ffiirubs, are the only large plants visible. Of herba, coons plan.ts wo may discover 
a few living specimens of Tridax procumhens, Boerhaavia d\[fma, Evohuhw ulnnoides, 
MxdTephwsiapfurpiirea, 

After about an inch of rain has fallen the vernal asp(K!t soc.it^ti(!s ina.]c<^ their 
appearance. These consist of the species Scilla imlica, ChlomphtjUmt (uhemKWti and 
fyhigenia pallida. These are tuberous monocotyledons whicJi malce tlu^ most of 
the early rains and then relapse into dormancy imderground for tlie rext of tlie 
year. They are characteristic of stony or rocky places with good drainage. Along 
with these we find two species of grasses of astonisliingly early maturity. Thcise 
are Oropetium Thommim and Tripogon RoxburgJnanus. Botli are characteristic 
of the shallmvest ground with rock showing through. Both are dwarf, Oropetium. 
being very, diminutive. The rapidity with wdiich tliey conic into flow'cr is extra- 
ordinary. Both flownr, on the average, witliin one month after one inch, of rain lias 


Kyllinga triceps (CyiieraccEe) is equally early. Species of the Oommelinacem 
are typical of poor rocky ground. Of these, Oganotis tahenmi and Oommelina 
Forshaloii arc early. Cganotis fascicuhta is much later. Th<‘ gj*asscs gi.uierally 
make vegetative growdh in the early rainy season. Occasionally tin, i annual form of 
Andro2wgo7i CMitortus floivers at this time, and we have observed e.arly inflorosccnccs 
from the perennial stumps of Andropogan Monlicoh. Sc]>tcmbor and October are 
the months in which the grasses flowair and dry up. Accordi.ng to the seasonal 
rainfall and the consequent vegetative growth this flowering time may vary a little. 
A complete list of grass and otlier species found on the Kalas plot is given in an 
Appendix. 

There is no further change in the vegetation, but the dead aerial parts and tlie 
land beneath them receive a scorching in the hot weather, the total effect of which 
is not yet clearly Icnown. There is, of course, reduction of soil moisture, wliich is 
dealt with later. 


Effects of enclosure. 

The effects of enclosure and the consequent protection of tlie vegetation from 
grazing, cutting and burning have been striking. We -shall deal with these first 
briefly and then in detail. 

Generally speaking, the main effect of enclosm-e has been to develop a fair stand 
of perennial grasses. These are of two kinds, the kinds being determined by o(ia])liic 
factors. 

On the hilly portion the species that liave taken liold are Ischinn-am laxmn, 
Andropogan Monticola, and Andropogon iriticeus, particularly first two. Tdicsc 
have developed dense tussocks (Plate II, fig. 2). All arc gru,sscH well known 
for their occm’rencc in rocky hilly habitats. Careful se.ardi among the boulders of 
any part of the Deccan reveals their stumps. Ordinarily they never got a clianoo 



Fig. 2. Ischaemam laxum. 



PLATE in. 



Fig. 1. Part cf the maliciously burned area. 


Fig. 2. Dead fibrous grass left unburned. 
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to develop tliick tussocks on account of tke perpetual grazing and frequent fires to 
wliick tliej are subject. We seized tke opportunity of tlie accidental fire of 192-1- to 
map out a major quadrat of tliese stumps so as to sliow their density per imit of 
land surface {Plate III, fig, 1). A rough calculation shows that in the five years 
since we took over the land these stumps have covered about fifty per cent, of the 
ground in the hill portions and there is no reason why with continued protection 
they should not entirely cover the hill portions. In one corner of the Kalas plot 
this has already happened. 

In the low lying portion there is a stand of Andropogo?i annulatus and A. caricosus. 
These are growing as a much closer comin'unity and hence are not so obviously 
tussocky as the peremiials on the hill portion. There is very little bare space between 
their stumps. 

In addition to these two sjjecies the grass Iseilema laxum is present in fair ammmt. 
Tliere is a fairly shai-p line of division between the hill grass flora and the flora of 
the low-lying portion. It is a perfect example of the dominating influence of edaphic 
factors. In this case soil moisture and soil texture apparently control the flora. 
It is worthy of note that the grasses Andropogon annulatus and Andropogon caricosus 
are reckoned as the best wild fodder grasses of the Deccan, Gujarat and the Karnatak. 
Animals prefer these grasses to other species. The cut grass of these species fetches 
higher prices than that of any other species. 

An unforeseen result of the policy of non-interference with the vegetation on the 
plot was the accumulation of large amoimt of undecayed vegetable matter. We 
originally believed that if we did not cut or graze or burn the vegetation it would, 
under the influence of the weather, tmn into humus and so enrich the soil and 
gradually alter the nature of the flora. To some extent this did happen in the 
&st two years, but when the grass tussocks became large, the dead culms, being full 
of sclerenchyma, refused to decay, and we got considerable areas between the tussocks 
covered ufith midecayed dead straw. It must be remembered that succeeding the 
ripening of the grasses are seven months of dry weather, so there is no moisture in 
air or soil to assist in the rotting of the stuff even if it were less fibrous and more 
likely to rot. It is amazing how it withstands rotting even when the succeeding 
year’s rain falls. So much w*as this the case that we found that nothing would grow 
under this natural mulch. In the early rains it prevented the rain from ^ etting at 
the soil. In the late rains it kept the soil sodden, and at all times it was a physical 
barrier to light, heat and growth. Plate III, fig, 2 gives some idea of its nature 
and density. 

A similar phenomena occurred in a quadrat on one of the college rides. In 1920 
this quadrat as enclosed in order to protect a clump of Indigofera glandulosa in which 
a pink mutation had appeared. The grass at that time was Andropogon 'pertusus. 
The quadrat ivas protected by stout posts and wire netting so that no grazing took 
place and the grass grew to its full height and flower. No observations were made 
in 1921. In 1922 the AncLrojMgon perLusus had well nigh disappeared and the domi- 
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nunt grusst's wero Andro'pogon caricosus and AntMstiria ciliata. TJoh maws of dead 
grjiss I'etiUiijK'd on tiie ground and in tlie rains of 192;i tliere was no gro\vl.)Jj. ofatiy 
grass duo to tliis mass of deatl stiilf. JQi Marcii the positiini was a.s slrown in 
tile quadrat given’ in Pig. 1. Lagaaca mollis had got hold of one eornei.-, there 



Fig,. 1. 


QUADRAT C. 

Enclosed 1920. 

Charted 4th March 1924. 

Acacia arabica 

. Androposon caricosus 

Sonckus aroensis 

Lai’asca mollis 

. . , , . . , , , ^ Anthistiria ciliata 

indica 

Media Azadirachta 

• - . . . . . . . Andropogon periustts 


Willd. 

Linn, 


Cav. 
Linn. f. 


Willd. 


indicates ixidividual plant. 


BUIlNS, KiTLKARNI ANl) GODBOLE 


wa8 some of the rudeni’ Soncims arveufiis, tt, little Androjjogon pertusus, and some 
Andropogon caricosus tried to j)nt out a Idtle foliage. The Lagasca mollis had spread 
over tu'o-thirds of the plot by April 25 (Tig. 2j. On June 11 the position was 



QUADRAT C. 

Enclosed 1920. 

Charted 25lh ApriM924. 

A cij AniiMiria dliata Linn. f. 

Sa Soncims arvmsis „ 

Ep • Euphorbia pilulifera L. 

Ap Andropogon periusus Willd. 

Lni Lagasca moUis Cav. 

Ac ar . . , Acacia arabica Willd. 

Kni Rhynchosia minima DC. 


o indicates individual plant. 
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much the same, and by September 22nd only a small corner was unoccupied. Idie 
(|iiadrat (Fig. 3) is now a mass of dead Lagasca mollis, and it will be interesting 


QUADRAT C. 


Enclosed 1920. 

Charted 22nd September 1924. 


Anlhistiria dliata 
Pkaseoliis trilohm 
Andropogon foveolati 
Lagasca mollis 
.Andropogon pertusm 


o indicates individual plant. 


to see what happens next. Tlie growth in the dry season is explained by the fact 
that water occasionally leaked into the plot from a near-by water channel. 

To test the effect of this natural mulch on germination we tried the following 
experiment : — 

We selected two places fairly close to each other, one bare and the other covered 
with the debris of old grass, and sowed seed of A. jmyureo-sericeus in both places 
on the bare soil and under the mulch). In both places the seed germinated, 
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but after fifteen days the seedlings in the bare patch were healthy while those under j 

the mulch were very sickly and eventually few survived. | 

Additional proof is alforded by the fact that wherever this rubbish was found i 

one could detect notliiiig growing underneath it, or through it. 

It was on this accoimt that we finally decided to try the effect of burning in 
1923-24. This was done according to the following plan, comparing burning at two 
seasons with cutting, grazing and check plots. 

As we have already mentioned, the fire of JPebruai^ 1924 somewhat upset our 
programme, but all the same the main lines of the experiment were carried out. 

The results so far as they have appeared are as follows 

(a) Immediate effects. In the low-lying portion Iseilema laxum, Androjpogon 

annulatus A. caricosus began to sprout from the burned stumps 
ten days after the fire, and made rapid progress thereafter. Some of 
the stumps oi A. a nulatus actually flowered within six wrecks of the 
fire. The hot w^eather of Ajoril killed the new shoots and foliage. 

On the hilly portion the only grass to sprout was Andropogon tritictus, 
which gave new foliage within a fortnight. This also died in the 
heat of April. Of the non-graminaceous jlants, Evohulus alsmoides, 

Euphorbia cocoinea, Tridax prommhens and Yicoa auriculata rapidly 
put forth new foliage. 

(b) Later effects. There was early growd-h at the break of the rains and a 

greater development of foliage, than in the mibiirnt portion. Germina- 
tion of seeds of all kinds in the spaces in the burnt area wns more dense 
than in other places. 

On the hilly portion between the tussocks of pereimial grasses remains much of 
the original type of vegetation of which Andropogon contortus is the main component. 

In addition, we find Aristida fimiauMa and Aristida Adscenscionis common, along 
with the plants mentioned above as surviving the burning. 

In certain parts of the hill portion there is a good deal of soil that is still bare in 
the hot weather. In the rains the vernal plants, the non-graminaceous riiderals, 
the smaller form of Andropogon contmius, and masses of Glossocardia Unearifolia 
occupy these spaces, but after the rains the land is still bare. Such patches offer 
easy run-off for the early rains and may give opportunity for erosion. It seems to 
us that regeneration of these very poor soils is bound to be a vslow business and to 
depend entirely on the gradual spread of the perennial tussock grasses of which the 
old dead culms, if any remain at the end of the rainy season, must be prevented from 
forming a mulch on the land. Once established, however, it is plain that this type 
of grassland will tolerate great drought, grazing, cutting and fires. The essential 
point is that one must allow several years of protection for its fuU establishment. 

As these stumps grow in diameter somew^hat slowdy and as propagation by seed does 
not seem to be very efficient, we tried the increase of these stumps by breaking up 

B 
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one or two old ones a.nd planting the small stumps m July 1924, The very poor 
rains of that month tested their resisting powers severely but in spite of this the 
stumps came through all right and were alive and growdug in October. It is worth 
while, therefore, increasing the number of stumps by this method and so rapidly clos- 
ing up the gaj)s between the perennial tussocks. 

The grass community of the Andropogon annulatus t 3 ^})e in the better loAV-]_)'ing 
portion develops quickly and densely. In its case all one has to do is to arrange 
for a long rest at the beginning of the treatment of such land and thereafter by rota- 
tional grazing and cutting see that the stumps are not exhausted and killed out 
and the poor grasses let in again. We shall retimi to this question later on when 
discussing the management of grasslands. 

The intensive study of the changes in vegetation made upon the permanent 
quadrats gave several important indicatioiis. In 1920 six single quadrats were 
cliarted. In 192J a denuded (scraped) and a burned quadrat wer(^ charted beside 
four of these, and a scraped quadrat only beside on(i other. The qiuidrat which had 
no comparison quadrat was on very rocky ground. The following table shows briefly 
the changes which have occuiTed in total plants and in Juunber of species. 


Change, m total number of -plants 'per (paadrat. 



1 1920 

1921 

1 922 

1923 

1024 

Group I 






Original .... 

318 

771 


1,0]] 

1,049 

Scraped . 


127 


810 

722 

Burned . . . . 


.547 

’■ 

1,647 

1,139 

Qrov,p II 






Original .... 

177 

1,300 1 



1,939 

Scraped .... 


.574 



809 

Burned . . . 


472 



1,728 

Group III 






Original . . . 

^ 22 

593 


534 

497 

Group IV 






Original .... 


091 


■ 901 

821 

Scraped . . , . 


279 


1,021 

553 

Burned . . 


059 


1,142 

820 

Group V 






Original . . . . 

■ ^ ■ 080 

892 .1 


1,425 

1,784 

Scraped . . . . i 


400 


L50S 

1 ,20C, 

Burned . . . . 


059 


1,744 

1,972 

Group VI 






Original . . . . i 

■ -dOI- ■ 

397 



i 050 

Scraped 


■ ■ 218 



! 590 
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riie entire lack of data in 1922 is due to a change in research iiersounel. The 
absence of figures for 1923 in Groups II and VI is due to verv late mapping, 
ihe general conclusions reached from the above table are these 

(1) Original quadrats. One joar’s enclosme markedly increased the total 

nimAer of plants. Tin’s is probably partly becausc^ they were 
undisturbed in their seeding and also because they were not attarlced 
diming germination and in the seedling stage. The 1921 results show 

a markedly denser population than in 1920. 

(2) Scraped quadrats. Scraping reduces the number of individual plants 

except in Group II. Recovery is rapid, though in 1921- none of the 
scraped quadrats have quite as dense a population ss the original 
quadrats. They ain, however, a year behind the original ciuadrats. 

{rj) Burned quadrats. There is no reduction of species exiiopt in Group VI. 
■Burnmg, therefore, so far as number of plants is concei-nt'd left the 
quadrat practically at the stage which it had reached in its first season’s 
enclosure. The final figures of burned quadrats in 1921 agree approxi- 
mately with those of the original quadrats. 

(4) All quadrats. Year 1923 seems to have been more favour-able to density 
of population than 1924. This was jirobably due to the fact that 
in 1921 really effective rain was delayed till August. Probably 
many seedlings germinated with the light showers of" June and July 
but died in the dry sunny intervals. 

General conGlumn. ^ The effectiveness of enclosure iu increasing the density of 
■plant population in this grass land is clearly demonstrated. 


Change in number of species per quadra! , 



1920 

1921 

1922 

1923 

1924 

Group I 






Original .... 

ij 



21 

33 1 

23 i 

25 

34 

32 

Scraped , . 

Burned .... 


11 

9 


Group 11 






Original . 

11 

9 



1 19 

Scraped . , 

19 



Bm-ned .... 


12 



21 

23 

Group 111 






Original . . , 


13 


9 

9 
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Change in number of species per quadrat. 



1920 

1921 19 

22 1923 

1924, 

Qrmi^ IV 

Original . 

23 

19 

17 

31 

Scraped . 


19 

12 

22 

Iluriied 


10 

10 

32 

Groiqi V 

Original . 

17 

17 

21 

22 

Scraped . 


20 

22 

23 

Burned 


12 

24 

24 

Group VI 

Original . 

11 

1.3 


10 

Scraped . 


0 


10 


Tile general conclusions readied from tlie .above table are tliese On the vvliolo 
there lias been an increase in the number of species in tlie quadrats though this 
increase is not a steady rise. The scraped quadrats probably gave an excellent 
denuded area offered to immediate colonization by all sorts of see.ds and Jiemie the 
largo number of species in them in tlusir first year. Burning has had no effect on 
reduction or increase of species. 

Succession as revealed by the diange of species in these quadrats has taken 
the follovung course. In tlie dry hilly area witli shallow soil and much rock the 
tendency is for the soil to bear, in the first stage, species of the ComnwlinaceijOf then 
the poor grasses Oroqjetiwn Tliamwwm, Tripogon Roxhurghianus and Gracilea Roglcana. 
The next stage is the establishment of Aristida species Gedacta, fumculata, and 
Adscenscionis) along with the annual form of Androjiogo^i contortus. The next stage 
is the growth of the perennial form of Androqjogon contortus. The unenclo.sed land 
never gets beyond this stage and most of it is in the Aristida stage with scattered 
patches of all stages right back to the sheer rock. Weeds and ruderals occupy much 
of the ground on which grass species have not established themselves, e.g., Glosso- 
ca-rdia Unearifolia, Spermacoce strieta and Zoinia diqdiylla form close societies on 
poor ground, Vicoa aurieulata and Leucas longifolia occur in groups. Striga 
densiflora is foimd in poor shallow soil as a parasite on Andropogon contortus. Sopu- 
hia delpUnifolia occurs in the moister part as a parasite on Andro'pogon annulaius, 
Andropogon caricosus and Iseilema WigJitii. 

Progress beyond this condition (in which Androptogon contortus and Aristida 
species dominate, with remnants of preceding stages interspersed) occurs only after 
enclosure. Such progress has taken two distinct lines. On the hilly slopes the 
perennial, tussock grasses Andropogon Monticola, Andropogon triliceus and Lsclmmum 
hxum develop strongly, gradually ousting Andropogon contortus and Aristida species. 
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On tlic lower x^arts where there is a deeper soil and more soil moisture, Andropngon 
mmdatuti, Andropogon caricosm and Iseikma laxum form a dense stand, entirely 
ousting the vegetation of the previous stage. Where Avater tends to lie there is 
ine^utable dcvclo]jment of Cyperacese and swamp weeds. 

Other stations in the D&acan, 

It will j^e suitable to deal collectively with results obtained at the other Deccan 
stations (Sirur, Pimpalgaon Basvant, Padmavati, Pandliarpur and Poona). These 
places generally resemble Kalas in climate an soil. In certain places there is 
more or^less slope, along with which goes inevitable run-olf, erosion, and denuda- 
tion. Wherever cattle have free access the vegetation is similar— stunted, weedy 
and sparse. Where cattle are entirely excluded there is, e\'en on poor soil, a fine 
stand of grass.^ The most striking example of this is at a village about nineteen 
miles from Nasik called Pimpalgaon Basvant, where there is a common land managed 
by the villagers for their mutual benefit. The soil is poor and shallow. The rainfall 
IS 30 inches annually. From time beyond the memory of the present inhabitants 
the same system has been followed. A total area of 800 acres is set aside and cattle 
kept ofi* by means of watchmen. The grass on this at the end of the season is divided 
out among the villagers according to their assessment. The villagers say that 
there is no difficulty in worldng the system, which they control by means of a 
chayat or committee. The grass is cut and taken away after it flowers, and then 
grazing is permitted. 

The area which is thus treated is visible at the flowering season miles away 
in contrast to the surrounding land, on account of the massed golden inflorescence of 
Andfopogon Monticola. This grass has established itself as the dominant grass over 
the greater part of the area. Along with it in certain portions appear great masses 
of Andropogon pniipureo-sericeus, a grass that we have met rarely elsewhere. Ischae- 
mum fugosum, which we shall mention as a denizen of wetter parts at Chharodi, 
here appears also in similar jilaces : Andropogon pumikis and Ischcemum sulcatum 
made a good bottom growth. Andropogon contorius is present but markedly sub- 
ordinate, and, as we have already mentioned, is foimd only where the soil has been 
eroded by water and the land is more stony and gravelly. A little Aristida redacia 
is present. 

The moment one gets out of this protected area one is in another type of vegeta- 
tion altogether. The following species were found in the unprotected area, close 
to the protected part :~-Iseilema Wightii, Aristida redacta, Pamcum Isachne, Tripogo 7 i 
J acquemontii, Panicum javanicmn, Ischcemum pilosiim, Justicia diffusa, PuUcaria 
Wightiana, This area, of course, was grazed and the vegetation short. 

Here we have a very notable experiment in the enclosure of grassland and the 
prevention of grazing till after flowering and cutting. 'Wa do not know how long 
this experiment has gone on, but we may assume that it has continued for the last 
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in a variet'Y of ways. As an example of sncli t}q>ical Gujarat grassland, we may 
select tlie Gouernment Cattle Breeding Barm at Cliliarodi. (Frontispiece.) Tlie 
average rai?ifali is 2S;S3 inclies, practically tlie same as tlie Poona rainfall, but 
tliere are differences in elevation, tem23eratiire, soil, and pliysiograpliio con- 
formation. 

Poona is 1,S50 feet above sea-level, wMle CKharodi is 107 feet above sea- 
level 

Botli Poona and Cliliarodi are about the same distance from the sea, but Poona 
lies on the leeward side of the Western Ghats. 

The soil is clay loam of whitish grey colour varying from one to severn.l feet deepi. 
Tn many places it is mixed with very fine sand. The snb-soil is yellowish white of a 
loose texture mixed with lime nodules in some places ; on the whole the soil is im- 
perfectly drained. 

The land is flat or with very slight slopes. 

The trees present on the land are Acacia arahica, Butea frondosa, AmdimcJita 
indica and ZizypJms jujuba. The presence of Butea frondosa is an indication of 
changed conditions, and it is the dominant tree form. If left to itself there is little 
doubt that the land would become Bufm frondosa forest. 

We have a fairly complete record of the grass vegetation from 1919 to 1924 both 
from permanent quadrats and from observations on the whole area of 2,000 acres. 
When the land was taken over by our department in 1919, it was suffering in many 
places from the grazing and trampling of cattle which had roamed over it without 
restriction. The Chharodi grassland responded rapidly to either good or bad treat- 
ment. The fine grasses Andropogon annulatm, Apliida varia, Polytoca harhata and 
Iseilema WigMii readily establish themselves if unfavourable conditions are 
removed, especially if the soil water condition improves. In several quad- 
rats the process was clearly visible. The retrograde process was also demonstrated 
in other quadrats where the vegetation was again subjected to excessive grazing and 
trampling after a stand of good grasses had been reached. GJiloris pallida. Ohloris 
virgata, Setaria glauca, Indigofera cordifolia, and Indigofera UnifoUa are characteristic 
of such bad conditions. 

Andropogon contortus is not so prominent here as in the Deccan, but the Aristida 
species are very markedly present in the poor land. The Eragi'ostidse are common 
along all foot-paths. „ , . 

An area on medium black clay loam was out year after year and not grazed. 
Here as at Pimj)algaon Basvant in the Deccan, there had developed an excellent 
stand of good grasses, the vegetation remaining constant from year to year. The 
dominant species in this part were Andropogon ammlatm, Polytoca barhata and Is- 
chcEniiim rugosum. The last named species is definitely hygrophy tic, being found 
wherever ^vater tends to accumulate during the rains. Very marshy conditions are 
indicated by Eragrostis cynosuroides and, if there is salt as well, then we find Bcirpus 
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maritmws. Tlieso species disappear with, the sweetening and draining of the 
.. land.; 

The pr(.»bloin of halophytic grassland was pi:eseiited to ns in aculx) form at 
Hansot. 

In March 192-1: the Collector of Broach asktsd us to exainint^ certain recl.-utned 
land in the neighbourhood of the village of Hansot and to advise as to the iuiprove- 
nient of the grass in it. This place we visited, in May 1924- and again in Septeinbci* 

It is ecologically a most interesting spot. It lies at the mouth of the Nerbiidda 
in ground that has been once a part of that very mutable delta. The water that 
washes it is salt, and. the general landscape is a wilderness of muddy Bats decorated 
with the bright green of certain halojrhy tic vegetation. In the year 1900 a huge 
bund was built as a famine work, enclosing 2,500 acres of this land. The nature 
of the bund and of the surrounding country is shown in Plate IV, fig. 1. 

Of the 2,500 acres within the bund, 1,100 are now under cultivation, leaving 1,400 
acres for grazing. On this approximately 5,000 cattle from the neighbouring villages 
are said to graze. Of the 1,400 acres a certain amount is the old bed of the river, a 
certain amount is dry creek, and the vegetation varies markedly according to the 
physical and chemical nature of the soil. On our May visit we took certain soil 
samples from land characterized by the remnants of difrerent kinds of plants. As 
it was the hot weather we could recognize only a few species but these were enough 
for our purpose, and the analyses given in table below indicate how dry the soil had 
become and how great a difference there ivas between the reclaijiied and the unre- 
claimed land. The typical salt indicator was Soirpm wuritimm whose rhizomes 
at this tim.e were strewn about the surface. In addition, in areas of less salt were 
Cressa cretica and Coldenia -jnociinihe'm. In areas really reclaimed we were told that 
Andropogon amvlakis flourished. 

Wo recommended a control of the number of cattle grazed and a system of 
fencing and rotational graziug. In addition we pointed that there was only one 
outlet for the water, and that within the bund water must in many places lie for 
considerable periods during the rains, a condition that did not make either for the 
good growth of grass or for the quickest removal of the surface salts. 

In the better land there were also well-grown trees of Aoctcia arabioa. 

In September 1924 we revisited the place which had 31-20 inches of rain that 
monsoon. At the time of our visit there was still a lot of water lying in the 
•fields and within the bund at the Hansot end particularly there was consider- 
able depth of water. Our observations on the vegetation were then as 
follows. 

Riding along the bund one observed that in the mud outside the bund Sdrpus 
nmritmms and Cynodon daclyhn were the only visible vegetation. There was no 
V^etation on the outer face of the bund said to be due to the additional salt accumur 
iated there due to the yearly repair of the outer face from soil brought from out- 





Fig. 1. The Hansot Bund; reclaimed land to the right. 


Fig. 2. Andropogon contorias (perennial grass). 
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sifio tlio Lund. Tlie inner ince of tlio bund bad scattered growth o£ CJiloris virgala. 

''.idio roncwal carlb in the case of the inner face is taken from inside' the 
bund. ' ■ 

Neai* tlic vi]Iag('. of ilansot Sedrptfs mariiimus was dominant. As one apjnoaciied 
tiin. village ol! (lanpatjnira, Scirpus marifmm began to be less conspicuous and 
Sporobolu,'^ cofo'}mH(lellM:nm, Ohlnm harhala, EragrosLis Panicum colomm, 

Pamotm rmumum, and AcsohynomenG indioa appeared. Cassia pumilia v/as common 
in wcttisli soil, and there 'were rare plants of xindropogon ammlaius. Acacia arabica 
was growing well, and some Zizyplms jujuha. We were told that near Ganpatpura 
the cultivators were bringing some portions of land with this flora under cotton and 
joivar {xindro'pogon Sorghum). The treatment is that the land is ploughed and left | 

so for two or three years, to allow the rain water to penetrate the lower layers and 
wash out the salt, and cotton then grows satisfactorily. 

Farthei' back from the influence pf the salt in the village of Sajot wc made certain 
other observations also, both in May and September. The growth of babul {xicacia 
arabica) trees in this part was excellent, the land was of the analysis shown in column 
1 of the Table on p. 20 and was said to have AwJropogon ammlaius on it during the 
rains. Not far off from this, an acre of land was roughly fenced in August 1924 and 
wc visited it in September. The surrounding land was characterized at that time 
by Ischcmmmi rugosum in the w'^etter j)arts and Polytoca harbata in the drier parts, 
just as in one of the sections of the Chharodi farm. Intermingling wdth these 
was the five-foot tall Alysicarpus longifolitis, and there w^as some AniMstiria 
ciliata, 

'Within the fenced acre the vegetation w^as shorter. It consisted largely of 
Ischwmum rugosum^ with some AniMstiria ciliata and Alysicarpus lovgifolius. In 
addition W’^e found xindrop>ogon annulatus, Chloris pallida , Polytoca barbafa, Panicum 
ramosimi, Perotis latifolia, Aristida Adscensciotiis, Set aria glauca,. Eleiisine cegyptiaca, 

Digitaria sangumalis, Orotalaria linifolia, Justicia simplex and Melochia corchori- 
folia. 

We decided to cut half of this fenced acre and leave the other half to seed to 
determine the changes, if any, that complete protection would yield as against 
cutting in flower. 

We have here a well marked succession from W'^et salt land to dry arable land. 

There is no doubt of the success of the reclamation. The loss of salt, however, 
has been very uneven and hence we get all stages in the succession still visible. 

These are markedly three, namely, (1) The wet salt vegetation consisting of Scirjms 
maritimus, Zoysia pungens, and Aelurojius villosiis, along Avith Cressa cretica and 
Coldenia procumbens when parts of such areas get dried in the hot weather, (2) the 
transition grassland with some of these halophytic species still visible but wdth a 
mixed grass and leguminous pasture of i^oor grasses such as Chloris and Eragrosiis ; 

{?>) the same stage as in the Chhai-odi cut area, Ischcmnum rugosum and Polytoca 
harbata dominant with Andropogon aiimdatus subordinate. 
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Atiahj £.v of rrul spades ■'ound m tke 4 soil samples from Hansot Mahal. Broach DislriGl 



No. 1 
Survey 

No. 122, near 
the bund at 
Sfijot 

No. 2 
Survey 

No. 104, out- 
side the bund 
at ITausot 
(Salt land) 

No. 3 

Sur ey 

No. 13, creek 
land 

No. 4 
Survey 

No. 102, bed 
of the crock. 


Per cent. 

Por cent. 

Per cent. 

Per cent. 

Moist X re 

4-940 

4-620 

3-0000 

2-3500 

TotiX] soluiile soliiU . . . . . 

0-058 

0-370 

0-1120 

0-0840 

Gontfilnlng-- 





Calclain carbonate . . . . 


0-051 

0-0180 


Calotiim sulphate . . 


0-32-4 

mi 


Calcium chloride 


0-S99 

Nil 


Magnesium carbonate . . . . . 


mi 

0-0023 


Magaesimn chloride . 


0-C4C 

Nil 


Sodiuin carbonate . . . . . 

Nil 

mi 

Nil 

0-0232 

Sodium bicarbonate 


Nil 

0-0287 


Sodiuin chloride . . . . . . 


4-459 

0-0606 


Species found 

Andropngon 

annuMm, 

Cynodon 

daclpUn 

No vegetation 

Scirpua 

nmrUiimis 

Cmsa 

crelica, 

Coldenia 

proBunihem 


Analysis of Bet grass (Scirpus maritimiis) from Broach District Salt lands. 


Por cent. 

Mowtnro 16*20 

Ether extract . . • . 1*65 

Alhixminoids* . . . . . . . . . , . , 4*62 

Digestible oar liohydrates . . . . . . . . . . 47'63 

Woody fibre ],8'30 

Asht . . . . . 12*70 


The above remarks are confirmed by observations made elsewhere at other 
times by ourselves and others. AVe may mention two cases. 

In 1909, I)r. H. H. Mann investigated some land partially reclaimed from the 
sea for the cultivation of rice at the village of Chichni near Boisar on the same coast 
as Hansot but further south. Here the land is very still and heavy. After the 
building of a bund, the salt is not washed out sufficiently for rice cultivation until 
after at least ten years, with un annual rainfall of 70 inches. 

In partially reclaimed land the first plant to appear is Aelurojms vilhsus. This 
disappears as the land gets less salt. Scirjnis maritimus appears a little later and 
remains until after the land is able to giw salt rice. It is very difficult to eradicate. 

* OontaJninfc nitrogen . . . . 0*74 

t. Containing sand 3*95 
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Cres..a. creiim, Am/munia haccijem and Ile'iol.nypiimi supinmi were lli 
plants f ound. 

Tlie (jtlser case v.as also on the same coast at the village of Bassein. i-Lro iun«: 
were some salt patches stiii in sweet rice fields. Tiie,se were iiive.stig.ated in iULl. 
T,he oliaracteristie plant vas again Sdrjrus Along with it were DipiaAine 

fiisea, SrdMniia acalnda and And-mpogon Jifdcpedsis. Keie the binid-s between 
the fields carried an excollejit grass cover contaliiing excellent species of li^chauhinn 
Andfopogon^ and Apluda. 

It is plain that the.se salt lands can be turned into excellent grasslands, 'riic 
hoiavy annual rainfall means lush growth when the latid is good, as will })e 
in the later chapter dealing with land, at .Kandivlee also on the saiiic cuas,, but 
removed from the influence of salt. 


I’V’. Grasslanbs near Bombay. 

The study of such coastal grassland leads us naturally to the consideration of 
coastal lands a little further south, in a heavier rainfall area, and with soil no longer 
salt. Such is found at Kandivlee, a small station on the Bombay, Baroda and 
Central India Railway about 20 miles north of Bombay. There is an area of 500 
acres here in charge of a charitable organijsation, the Bombay Gowrakshak Mandali, 
whose object is the protection and care of cattle. We have been able to observe 
the grassland from. September 1922, the date when the Bombay Agricultural Depart- 
ment began actively to co-operate with the Mandali. The grass area was much 
intemipted by the growth of Lantma ccmiara, Car-issa carmidas and many trees 
of Borassus flabelUfer. The main grasses were IscJiamum aristatum, Anthistiria 
oiliala, mxA. Antliistifia Tiispida. IschcEmimi arisfatimi grew on the lower lying por- 
tions and [the Antliistina species on The higher ground. In a heavy rainfall year the 
IschcBtmm tends to increase. The rainfall is normally heavy, averaging 90 inches. 
Monsoon forest would be the normal climax and this we find when we get into the 
forest reserves or wherever the land is efficiently protected from grazing. The 
tract in which these conditions hold may be considered to include the whole area 
between the Ghats and the sea. The soil at Kandivlee is well drained and is itself 
a rich loam. Hence wth the high rainfall and the humidity due to the proximity 
of the sea the actual mass of grass vegetation produced is tremendous. An experi- 
mental cutting gave 30,000 lb. green grass per acre. Andmpogon contortus, being 
definitely xerophytic, is absent. In addition to the species aheady mentioned there 
are present in quanfifcy Goix Lachy/ma-joU, and PolUnia fimihriata. Many of the 
smaller g]:asses are present and are '^dsible in the early rains before the taller 
species develop thcii* height. Such smaller species are Paniciim cohmm, Digitaria 
sanguinaUs, Paspalurn scwhiotdalmn^ Pcmicum trgjiheron, Isocline ciustmUs, and 
Setaria glaum. There is also a very miscellaneous non-grass flora consisting among 
others of Cardiospenmtm Ealicacabum,, Pimhristylis monosiachpa, Lippia nodi-flom, 
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Pliyllmtlkm simplex, Euphorbia hyperiGifoUa, Cypenis Iria and tlio j>arasitGS 
RJmnpliicmpa Umgijolia {v&p\si,cmg, Sopiibia and Slrifja oi ilie Deccan ), Two 
imiisiually inteiusting plants were Vriquelra, wliicliis almost as .seiLsi(i.V(; as 

Alimosa 2 )udica, and Fleminyia iuberosa, a tuberous member of ilie L(^guuiniosa^. 

Sueb lion-grass plants increase wdicre over-grazing and ti-ampling occur. Tliis 
was clearly visible at Muliind not far from Kandivlee. In this badly treated area 
tlie tall productive grasses bad nearly disappeared and only tbe smaller ones were 
present. 

V. Grasslands in the Southern Maratha Country. 

Tbe part known as tbe Soiitbern Maratba Country includes tbe districts of 
Belgaiimj Dharwar and Bijapiir. Tbe rainfall in tbe beadquarter towns (of tbe 
same name) in these districts are: Belgaum 5(.)'13 iiicbes, Dliarwar o2'00 iEicbes, 
and Bijapur 20‘90 inebes. Tbeir elevations are 2,2G0, 2,580, and 1,950 feet above 
sea-level respectively. 

Tbeir temperatures at four ty])ical seasons of tbe yt^ar are as follows : — 



Belqaitm 

Dharwar 

Bijapur 

Mean. 

Maxiinnni 

Mean 

Minimum 

Moan 

Maximum 

Mean 

Minimum 

j\lean 

Maximum' 

A l oan 
Aliuimuiu 


P. 

F. i 

F. 

F. , 

F. 


aiai’ch 

93-5 

02-2 

89 

71 

97-7 

09'3 

June 

1 83-2 

I OS’S 

88 

74 

94-2 

71 ’1 

Septranler 

79‘9 

GO’2 

SI 

71 

85’9 

09 ’9 

December 

SM , 

.'57-2 

79 - 

04 

s:Bi5 



It will be noted that Bijapur gets fairly bot, while Dbainvar has an equable 
climate all tbe year. Belgaum is more or less intermediate. 

Tbe general nature of tbe seasons may be judged by tbe fact that cotton is sown 
in tbe Southern Maratba Country in tbe middle of August and harvested in Febru- 
ary and March, while in Gujarat it is sown in June and harvested in February n,nd 
Marcli. In Kbaiidesb, on tbe other band, it is sown in June and harvested in Novem- 
ber and December. The season in tbe Southern Maratba. Country is, therefore, on 
tbe whole late. 

The grass country is large in amount and often bounded by low bills covered wdtb 
jungle in wbieb panther and pig abound. Tbe presence and depredations of pig 
have caused large areas to go out of cultivation and to revert to grass. 

In the Southern Maratba Country, tbe Bombay Department of Agi,-iculture has 
twm cattle-breeding centres, one at Tegur and tbe other at Bankapur, both in the 
.Dharwar District, We shall consider both these places as to their grass vegetation. 
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BanJcapur. Our cattle breeding farm Here is -witliiii tlie walls of an old fort. 
Tills fort after many vicissitudes passed into Britisli hands in 1802. Its jiresent 
condition is that the outer ramparts exist practically all the way round. They have 
a granite core but are covered wdth earth on which grass and shrubs grow. The 
bastions are easily recognizable and in some cases are in good preservation. The 
gate^vays are rather broken-down and the gates do not exist. An inner line of 
ramparts is still visible, but only as a low mound, and also an inner ditch which is 
not continuous. Of buildings within the fort there remain a very fine Jain temple, 
a smaller Jain temple, a mosque, an old granary and a jiowder magazine. The 
rest of the ground is under grass. 

Eainfall is 26 inches, again similar to that of Poona. Elevation is about 2,600 
ft., soil is loam with much masomy rubble, and the drainage is good. 

We have observed the grassland of this fort since 1920 when the place was taken 
over by us. Andropogon oontortus was then dominant everywhere. Setaria glama 
and Emgrostis species were common. Setaria intermedia W’-as specially found under 
tamarind trees. Along the top of the ramparts was Tripogon Jacquemonlii. 

After four years of reasonable grazing, rotated wdth cutting, there was a marked 
change. Andropogon contortus is now dominant only in one part isolated betw^een 
the outer and inner rampart on the south side of the fort. On the north-'west and 
east Apluda varia is dominant, and in the centre Ischcemu7n laxiwi is dominant. 
Badly trodden ground produces a mixed vegetation of Ghloris nirgata, Cy^iodon 
daciyloUt Andropogo7i p)ertusiis, Tripogo7i J acquefnontii and Setaria interynedia. The 
tamarind trees had under them Achyranthes aspera, with Setaria intomedia in close 
contact. Afithistiria ciliata is invading from the south gate. 

A most significant fact was that an area in an Androqjogon co7itortus consocia- 
tion, accidentally denuded by having 77mrimi (disintegrated trap) stacked on it, 
was repopulated next rains not by Andropogo7i contortus but by Apluda varia and 
Setaria wtenmedia. 

Tegur. An area of 238 acres near the village of Tegiir ■was taken up for cattle 
breeding in 1909. Tlie vegetation was then examined and consisted mainly of 
Andropogon contortus and Anthistiria ciliata. The most notable non-grass plant 
vivsible was imwm mysorense. 

In 1919 a quadrat was laid out in an area typical of most of the farm. This 
quadrat had A7id7'opogon eo)itortus dominant, A7ithisliria ciliata subdominant. 
Other species present were Sopubia delpliinifolia, Trijoogon Jacquemontii and an 
Alysica7'pus species. 

From time to time the quadrat ■was examined but show^ed no great change. 
The last occasion w-as on October 21,1924, -when co7itortus -was still domi- 

nant. Other s])ecies present were Anthistiria ciliata, And7'opog07i pertusus, Ar- 
thraxon. Meeboldii and Desrnodiuni trifloruin. The area had been grazed and cut. 

It w^as apparent, therefore, that no great change was coming over the vegeta- 
tion ar.d. that contoriws remained master of the situation. 



This is the ease over the whole of the farm. Andropogon contoHus remains 
dominantj but in addition there are large pure areas of AnfJiit<Una cilicda. The 
pK^senee of the latter species appears to be markedly determiiiod by the presence 
of water. It occurs on the borders of tanks, in low-lying parts of tli.e li,eid,s and 
along shallow eroded channels wliere the rani water tends to run. Such olLaimcls 
are traced in the vegetation above most markedly by the liins of Anthistina of a 
brownish green colour that stands out in the black and silver of tlie lioworing Andro- 
pogon contorPus. 

We cannot say whether the Andropogon and AnlhisPiria have altered relatively 
in the proportion of the farm which they occupy, but we think there is no great 
change. 

Here then apparently an Andropogon contorius associiition is very stable in the 
given conditioiis. These are the cutting for hay followed by .moderate grazing. 
But we prefer to discuss this in the special chapter on this species. 

In tlio Easte,rn Grassveld of South A.f!.'ica and in the, transitional belt between 
Karoo and Eastern Grassveld Bows*- reports the, dominance of a similar association. 
He says with regard to t.he t.ra!isitioJial belt : — ■“ I’lio AAstdda-Illmgi'ostis-Sjwro- 
bolus associes, however, if the siiccesshm is not kept baeix by gra,.ss burning, slowly 
passes into Anthisiiria-Andropogon veld, wliieh is the climax sbu,g() for the most 
part in Eastern Grassveld.” In the Eastern Grassveld, lie says Anilnstiria-Andro- 
ptogon associations are the commonest, in f.act blic w.holo foTination is practically 
made up of them. ” It is plain therefore that both ui South Africa and in India 
this stage is a stable one. 

The behaviour of Anihistiria ciliala. The]‘e is the strongest Gvid,ence from the 
observations of several years that Anihisliria ciliata is the first invader of land that 
has been cultivated and tlien abandoned. In 1920, Mi’. Salimath, B.Ag., then 
Inspector of Agriculture, Dharwar District, and later Deputy Director of Agricul- 
ture, Southern Division, recorded his observations that AnfMstiria ciliata was the 
first colonizer of abandoned rice beds. In 1924, he inform, od ns that in the so-called 
“ koomri ” cultivation of poor land, pi’actised in Kiiaiiapur Taluka and. Cliandgad 
Mahal in the Belgaum District by the cultivators (a process whereby the jungle is 
destroyed and cultivation piuctiscd for a year only) AnthisPiria ciliata is the first 
species in the field when the land is left to nature again. Generally speaking, he 
states that in grassland with a mixed population of Anihistiria ciliata and Andro- 
pogon emdortus if one ploughs, harrows and prepares the ground as for a seedbed 
and then abandons it, Anihistiria ciliala dominates for the first four or .five years. 
Andropogon contorius is by then creeping in, and unh^ss water and silt come into the 
field and give conditions more favom^able for the Anthistiria, the Andropogon con- 
tortus will finally dominate. We have seen in other places, for example markedly 
at Kasik, that Anthistina ciliata was the dominant grass round the edge of culti- 
vated fields, in parts which had been turned np by tlie plough, and by the animals 
^J3ews, J. W. Graem and Grassla’iids of i!^Giii7i Africa, 1 ) 1 ). lOli, .11'^. 
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but whicli bad not been Hown or weeded. Away from tlie edge of the field 
Aidlmtina.^ ediata was found but as only one component of a mixed vegetation which 
me tided Chlons mrgata, Anclropogon caricosus, And-wpogon scJm-nauf/iii.^. Andropoqon 
contorlus Seiaria intermedia. 

have here apparently a stable t^’pe of grassland consisting mainly oiAndm- 
pogon CGUtortus with Ant/mfirta cihata where edaphic conditions favour that species. 
In more moist soil Andropogon Lawsoni is dominant. Throughout the land there 
IS a bottom growth of small plants unimportant for fodder. Tire climax forma- 
tion as indicated by the jungle in immediate contact with the farm (a portion of 
this jungle has just been taken in for additional grazing) is forest consisting of Tcc- 
tofia grandis, Butca frondosa, PhgllanfJius emhlica, Garissa eamndas, " LanUtna 
emnara, and Gaesia aurioiihla. The subclimax grassland cannot be said to have 
altered within the fifteen years just gone. The grass {Andmpogon mntorkis) is cut 
for hay just before the spears liarden, and makes fair feed in this condition. It 
IS thereafter grazed. All attempts to establish other species have failed with 
two exceptions, nemely, one plot of Andropogon amiidatus and one plot of Isciios- 
mmnlaxum., both of which seem to be favoured by rich deep soil and ample soil 
water. All other species have been quickly overcome by the invading Anthistiria 
followed by the final Andropogon contorlus. Grazing, cutting and burning have 
produced little effect on the Andropogon contorlus. 

. of fbe neighbourhood was not this Anthistiria-Andropogon associa- 

tion. On a slope near by which was apparently going back to jungle, we found a 
low vegetation with Andropogon pertusus and Aiidropogon Monticola as the dominant 
grasses. The lower flat lands w’-ere dominated by Anthistiria and Andropogon 
contorlus. ^ 

Belgaum. In the neighbouihood of Belgaum toT\m itself are extensive grass 
lands.^ The rock underlying them is laterite and the contours of the land are hn^ 
sweeping curves, giving the impression of dovms. The soil is not deep in most 
cases, but in the depressions between the crests of the downs considerable soil may 
accumulate in pockets. In the late rains there is abundance of grass on these 
downs and where it has been reserved for cutting it may stand &om three to five 
feet tail. 

Oin observations on the Belgaum grasslands began in October 1920 when one 
of m had occasion to spend some time at the Belgaum Vaccine Institute. 

ms institute produces vaccine lymph for the protection against small-pox and 
for this reason has to have handy a supply of calves. These are supplied by con- 
tractors, kept at the Institute for 6 weeks, during which time they graze on the 
Institute lands, and are then sent out and not used again. One set of calves after 
another are thus on the land. The average number of calves on the land at any one 
time^is loO. The total area on which they graze is 72 acres. 

The place was visited at various times and finally in October 1924. There was 
no marked alteration in the vegetation during this time. 
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Tlie wliole area is open to all the calves tlirougliout tlie year. Consequently 
they graze all over the place and the whole vegetation is kept very hardly grazed 
down and in the early rains considerably trampled. In October 1921-, therefore, 
the actual visible herbage was short, moderately open, and consisted largely of 
Andro'pogon contoHus with some Andropogon peHusus mixed with it. Tlie main 
ruderal is the endemic JSenecio belgaumensis which is a sure indication of over- 
grazing and especially of trampling, being dominant in the neighbourhood of water- 
troughs where cattle come daily, and on the paths and stamping grounds of tlie 
cattle. 

Other grasses present but in small quantity and scattered are Isclmmum laxum, 
Anthistifia ciliata, Andropogon Monticola., Lophopogon trulcniatus, Apluda varia, 
Andmpogon annulatus, Andropogon caricosiis, Artlimxon oiliaris, and Isclmmum 
ciliare. 

Euderals other than Bcnecio helgamnensis were J usticia simplex, and Alollugo 
jientapliylla. 

Eeinvasion of denuded areas was markedly demonstriited on one or two golf 
“ browns ” that had been made but had been left to themselves sinc(i 1922. These 
had been first colonized by the composite Sonchus species, Audropogon eontortus 
were well established on the “browns,” along with Tripognn Roxburg humus 
and J usticia simplex. 

For the better study of successiem the Director of the Institaite kindly fenced 
two areas and permitted us to use these for observation and experiment. In the 
first of these, of one acre in extent, which was fenced in 1922 August, w(i ploughed 
up the middle third in May 1924 and resowed it with the suita])lc mixture of seeds 
in June 1924. 

The other was merely enclosed and left to itself. It measured 1 acre and was 
fenced in August 1923. 

Both areas horo originally Audm'pogon contortus dominant. 

On studying these in October 1924 the following observations wnre made : — • 

Plot I . Untouched portions. Androiwgon imitortus 

Plot I. Ploughed and reseeded strip. Sowing a failure. Ground poorly covered 
vdth vegetation and most of it ruderals, viz., Justicia simplex, Mollugo pmtaphylld 
and along with plenty of Senecio Belgaumensis. There were stray plants of the 
sown Anthistifia ciliata, Apluda vatia, and IsohcBmum laxum, and germination had 
been worst at the western end. Gassia pumilis and the fern-leaved weed Pimpi- 
nella adscendens were also obvious. 

There was no marked reinvasion of Andropogon contortus. This land has been 
left untouched to see what the next stage in the succession wull be, and particularly 
whether Andropogon contortus will come back. The soil is very poor and shallow. 

Plot II. Merely enclosed. Here also Andropogon contortus wa,B dominant, but 
there was a greater proportion of other grasses, mcluding Isclmmum laxum, Andro- 
pogon pertusus, Arthraxon ciliaris, Anthistiria ciliata, Andropogon ammlatus and 
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Ischtmnum cilmre. In addition ttere was a bottom growth of the smaU Vankim 

ttypheron and of Mamsuris granutans. 

This IS a very much more promising plot and it ako has been left to see what 
will happen. 

Of parasites we found Striga euphusioides rare and a good deal of Sopubia del- 
fhimj-oka, 111 two forms one with a white and the other with a brown corolla. 

In a nala we foimd at the bottom near the gravel Andropogon anmdatus and 
cancoms, AntJmhna ciliata, and on the upper slopes of tlio nala side Andwpoqon 
p)edimis and Ognihiqmgon Martmi. ; . 

Land at the village of BenJeamham on the farm of Mr. P/mtarpheJear. About four 
miles from Belgaum is the farm of a family caUed Phatarphekar one of whom is a 
graduate of the Poona College of Agriculture. This family lias for years devoted 
itselt to agriculture, horticulture and the improvement of village conditions. On 
le land of their farm is a good deal of grassland and the part %ve saw had a good 
deal ot Anthstma cUiata, along with Andropogm pertusus, Andropogon contortus, 
and Ischmmmi ciliare. 

Here we found an unconsciously planned experiment vdiich confirmed what 
we had learned regarding the behaviour of AntUstiria ciliata at Tegur. The follow- 
ing four plots were visible 

I. Ploughed in June 1924 and planted with sweet potatoes. 

199?* in Jime 1923, and planted then with sweet potatoes. No crop in 

HI. Ploughed in June 1922, untouched since. 

^ In all three AntUstiria ciliata had invaded. In plot I, it was just commenc- 
ing. In plot II, it had made an excellent stand, wliile plot HI was practi- 
cally a pure culture of the grass. It was very noticeable tliat w^hile the AntUstiria 
on the untouched land was about eighteen inches in height, that on the ploughed 
land was over three feet in height and in some cases five feet. There wns as yet 
no indication of effective invasion of Andropogon contortus. 

_ Between Belgaum town and this farm at the top of one of the down like curves 
IS a very fine area of uncut grass. This turned out to be AntUstiria ciliata alont^ 
mth the rare grass Andropogon mtclief which superficially resembles Andropogon 
Z7^glumes^^ difl'erent on account of the very tawny hairs on 

There is here magnificent grassland which only needs proper treatment to 
develop excellent grass. Such portions as have been kept for cutting and have not 
_een overgrazed naturally develop good stands of grass. Poor soil overgrazed 
develops Andropogon contortus, but along with it grow many other species which 
won get their chance if there were scientific management. We think it likely 
at on shallow poor soil Andropjogon contortus would be replaced first by A. pertusus 
auc t ien byH. amiulatus, while on deeper looser soils AntUstiria ciliata would 
come m first and later other species including A. annulaius. 
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’ VI. Notes ON INDIVIDUAL SPECIES OF GRASSES. 

We ]iave now indicated briefly the nature of the diflereiit kinds of grassland, in 
the Bombay Presidency. Before dioussing the practical side of the problem it will 
be well to deal with certain of the more important species found on these grass- 
lands. 

1. Andropogon contmius, 

(PlateIV,fig. 2.) 

In tile Bombay Presidency there are several grasses which may justly bo called 
spear grasses. Of these the biggest m Andropogon Uiticeus, oi which the awns are 
huge. This grass, however, stands so high and is so late that the spears do not give 
much trouble to man or beast. On the other hand the various species of Anstida 
are extraordinarily troublesome. Tliey are early in ripening and their fruits witli 
their awns form a close diy fluff near tlie earth which men and animals carry away 
with them much to tlicir discomfort. Andro'pngoJh contortus, Jiowovei’, is the worst 
of them all as the spears are able to penetrate any clothing short of 1ea,ther, and the 
stratum of spears is a little Jiigher u]) in the grass vegetation tluin tliat of Aridula 
and gets one around tiio leg below the kmui and down to the anJde. Tli.e exact 
nature of these spears we shall discuss later. At present we need only say that they 
are the fruits with their attached awns. 

As soon as those a^vns begin to form, the giuss is avoided by animals. This we 
have seen again and again in vai'ious ])laces, and markedly so in the newly 
acquired jungle area at Tegur in 192^, wliere tlio cattle had grazed round, and up 
to patches of this grass but had left them carefully alone, 

Cattle will eat this grass when in fruit if there is no otlier feed, and occasionally 
eat it along with other species when these grow mixed togetber. The vcattle may 
then suffer considerably from the sjiears. The gums and buccal mucosa are injured, 
and the mouth gets sore. The awns get stuc.k between the molars and we have 
seen great balls of th.c.se fruits and awns removed from the cheeks of cattle. The 
wounds in the month ju'oduced by these .s])ears form easy openings f(,>r disease- 
germs, -so that there is indirect as well as dire{!t damage from eating the gras-s in 
fruit. In addition, at this stage the grass has lo-st much of its feeding value. 
(Table 1 on page 43.) 

Such ill effects on stock are common to several gra-sses with similar avms. For 
example, Williams, in his Gras.ses and Forage Plants of the Dakotas (1897) -states 
with reference to Hordeum jnhal'um (Squirrel-tail) : — 

“ This grass has become very abundant throughout nearly all pails of the 
North-west. It furnishes a considerable amount of good ]!a-st.urage 
early in the season, but later becomes a bad jjost. Tlie rough “ lieard-s ” 
work into the months of stock e-specially horses, and cause ulcerated 
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sores. Not- infrequently the animal becomes almost uiia],)le to cat, 
and Tinless promptly relieved may be permanently injured, Tlie 
” ijeards " are also a source of annoyance to any one walking tlirougli 
a field containing the pest, as they work into the clothing and can only 
be dislodged with difliculty.’’ 

All the aljo\'e. inight I)e applied word for Avord to Amhrqjogoti Gontmius. 

SampsoTi^ mentioned silmilar cllects on animals from Stipa occHenlalis (por- 
cupine grass). 

Thej;e is great depression of digestion in cattle fed on grass at this stage, A\iiich 
may bo due jiartly to the fiS)rons nature of the feed and possibly partly due to irrita- 
tion by awns that have got- into the intestines. 

In its earlier' conditions, before tiro awns ai*i5 formed, this grass is readily eaten. 
In fact it forms the bulk of tiro existijig grazing on much of the Deccasi and iir the 
Southern Maratha country. In the jioorer soils of Gujarat also it forms a great 
proportion of the early grazing. It can also bo made into excellent liay if i-ake-n at 
the right time, i.e., just when the llowers appear and while the aAvns are still soft. 
Major R. kS. Scott, in charge of Remount Rexrartment of the Southern Command, 
informs us that at the Hapiii* Remount Depot, Babugarii, U. R., tJiis grass gj-ows 
to a height of about four feet and makes excellent hay. Babugarii is faroio'od in 
having dry weather at the time when the grass is in the neces.-iary condition. At 
Tegur in the Southern Maratha country, Mr. S. S. Salimath, Deputy Director of 
Agriculture, annually makes excellent hay from Andmpogon cmitortus, but there he 
is more at the mercy of the weather. However, with a field drying (not. stacked) 
of twenty-four hours after cutting, he gets the grass sufficiently dry to put into its 
final stack. In October 1924, we ss-av some line hay Avhieh had been stacked since 
the same month in 1923 and which smelt and looked good. 

Various attempts haA’-e been made to deal ndth the speai's. At Tegnr an attempt 
was made to remove the spears AvRen ripe and about to fall, by means <jif an imple- 
ment like a huge comb. This consisted of a phwik AA'itli iron Jiails in.'ojeeti3ig out of 
it, and aauis draAAui through the ripe grass by bullocks. It aauis claiii\ed thar a man 
AAUth this implement could remove the spears from four acres of land in a day. A 
moAA'er and a heavy rake W’-ere AAi-orked behind the comb. The method has now lieeu 
discarded in favour of making hay from the grass at an eailior stage Avhen Jibre is 
less and nutritwe elements more. 

We give in Table I (p. 43) analyses of And/i'ojyogon contorhi-'t taken at various 
times and in Aurrioiis stages of ripeness. For comi>ai‘ison AA^e attach ajialyses of 
Anopofjon- anmilalus, the best AAuld fodder grass Ave knoAV, and also of MibAui joivitr 
(a fodder A^ariety of Andropogon SorgJmm). From this table it aaoII lie obserA'-ed : — 
(1) That in the green grass {Andmjjogon contortus) the percentages of albumi- 
noids and carbohydrates are higher than in either Hu.dropofyoft amwla- 

^ Sampson, A. W. Important E/aiige Plants, U.8.A.De^pt.ojAgr'i,Bull.No. oi:^J, l'sAll,\ul{^. 
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tus 01 Nilwa jiowr, though tlie percentage of albuminoids in the 
Ganeshkhind grass drops at once after iiowemig. 

(2) That the woody fibre starts to increase at flowering and goes up to a 

considerable figure. 

(3) That the water percentage drops very low iiideed in tlic dry grass. 

We can see therefore that it is a good feeding graas but must be used fjcfore 
flowering or not later than flowering. As cattle will not usually touch it wIk'u it 
flowers even when the awns are soft, the only treatment tlicn is eitlier to ma.]v('. hay 
or silage. 

It has been found possible to make excellent silage from Amlropogon coniorlm. 
At Baleganm in the Nasik District a concrete silo 14| feet in diameter and 16-1- foot 
in depth was built by the department in 1918. In 1921 this was filled with 23,000 
lb. green Andropogon contortus. In March the silage weighed 15,766 lb. and was 
sold to the local municipality at the rate of Es. 4 per 1,000 lb. It was good stui! 
and readily eaten. 

Another method of treatment, and one specially suitable for areas of plentiful 
and late rainfall, is to take several cuttings of this grass. At Banlcajmr wo saw 
Andropogon contortus which had been cut on August 26, 1924, and which had made a 
fine low thick growth of most edible herbage October 19, 1924. Of course, soon<ir 
or later the grass will flower, Init it is obviously possible to get a good deal more out 
of it than has been imagined. 

Our mention of repeated cutting and of cutting the grass wdiile in flower raised 
the question whether such treatment if contimuid for some years will eventually 
kill the plants, by exhausting theii Vegetative growth, and prevemtirg reproduction 
by seed. Concerning this we have at present no facts, except that in Tegnr where 
tlie hay-making process has been in vogue for some years there is no obvious diminu- 
tion of the species. _ 

\Yhy sliould we attempt to exterminate or replace this grass if it suits poor land 
and small rainfall, gives grazing, cutting silage and hay 1 Given a solid block of this 
pure species, it is fairly easy to manage it as it ouglit to be managed, but th,e condi- 
tions that we have to consider are such that it is mixed up with other species, some 
better, some poorer. It is not managed as it should bo managed, and it rapidly 
matures its awns and becomes useless and oven dangerous. It tends to increase and 
it is a nuisance on account of the spears. If we could get a non-a\med Androp^ogon 
contortus then we should consider the problem of poor grazing lands practically 
solved, but as long as these awns remain so long wflll the problem remain. In addi- 
tion, the matter is complicated by the fact that there appear to be at least two varie- 
ties of this grass with different characters, one small, early and annual, the other 
tall, late and perennial. All our foregoing remarks as to cutting and grazing and 
hay-making must be taken as referring to the perennial variety. The ]jroblem of 
replacing spear grass brings us at once to its ecology. 
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The following are the remarks of Griffitks, Bidwell and Goodriclii recrardim*- 
Andropocjon contorlus ® 

“ HeUmpogon. conforius, a beard grass with long twisted darkbromi to black 
awns, IS very characteristic of the native grass flora of many situations from central 
iexas to Arizona and southward into Mexico. It produces a quality of feed very 
similar to that of some of the larger species of Andropogon. On the whole it is 
probably not grazed so extensively as those species. Some sheep growers in 
bouthern Texas especially dex>lore its presence on account of the injury which the 
awns do in working into the fleece and flesh of their flocks. Anyone who has walked 
throiigdi a patch of this grass when mature will readily recognize the injnrv that it 
may do to sheep. However, cattle in Southern Arizona gi-a ze it to the ground very 
frequently. In some situations, in the sandy arid mountains, it grows thick ovei- 
small areas, but usually it is distinctively a bunch grass, growing only in scattered 
bunches among other vegetation. 

{Sample) No. 8397 was collected at Green, Tex., August 14, 1906. The filants 
were in early maturity and were cut about 3 inches from the gi’ound. Many of the 
bwer culm leaves vmre dead. No. 9589 was collected in the foothills of the Santa 
Eita mountains, Ariz., September 16, 1908. The sample was duplicated on acooimt 
of the viscoid sweet gmnmy secretion which ajipeared upon the inflorescence of the 
plants. 

This is a very common phenomenon in this section. 


Material 

Percentage of 
moisture 

WATEEPEEE BASIS (pee CENT.) 

Ash 

Ether extract 

(Crude fibre) 

Our sample No. 8397 . . . 

9-06 

7*44 

1*34 

34*37 

Oixc sample No. Q.^SQ - 

1*73 

4*68 

1*54 

32*10 


Nitrogen fieo 

Protein' 




extract 





51*93 

4*82 

27*46 



57*65 

4*13 

24*00 

» 


uj ^mivupoyon vomonun. vve nave louiicl tJus sjiecies everywhere- In 
central, northern {iiid southern Bombay it is easily found, and in the coastal dis- 
tricts is also present but less visible, probably because the climate favours the growth 
of other grasses which crush it out. It is specially the grass of poor rocky land. 
In Tegiir it was replaced in wetter parts by Anthistiria ciliata. At Pimpalgacn 

I’asturo Grasses of tlio 

Unitodtotates. JJ- S. JDejii. of Agnl. Bull. ZQl, 1%15, -g. 2Qf 
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: ni\ir Nasik in a ]>nTe stand oi Amlropogon MonLicola aiid Andropogon ■purpvTGo- 

' sGrmvis, Tve found Amlrnpogon coMorlus wlierever tlie watci’ had eroded the sr.ifa,Ge 

soil av.-ay and left gravel and loose small pieces of rock. In. ^-ery ]ioor land the 
; Arislidu species tend to dominate, and on very hilly |>ai“ts Andropogchi ALvilicola 

and A. friliceus tend to increase. It is on the moderatcl}- poor land t.Jiat is not much 
i on, the slope that we find it most, though it occupies the hills also and is found in 

the poorest laud. When it does take hold it is a remarkably sl ahlo eomiuimity, and 
; apparently nothing short of digging it out will shift %. In this connection we may 

i quote an experiment carried on over several years at Tegur. 

i This experiment was begun in 1920 and carried on contiiiiioiisly till October 

1924 whem the last observations recorded in this paper were made. Four j)iots of 
3 pure spear grass were chosen side by side. Each of these was 2 guiithas in area, 

Annmdly one was cut, one was grazed, one was burned and one was Icept as a control. 
I From year to year there appeared very little din‘crencc between these ]dots when 

? examined at the time of flowering. The following are the observations on, 21st 

1 October 1924. 

Grazed plot. At this stage when the grass was in fruit the cattle would eat 
: nothing and merely lay on the grass. It was a good stand of A^idropogon contortus 

i with little else in it, and more or less flattened with animals lying on it. 

■' Out plot. A good stand ol Andropogon contortifr? in fruit. There '''■as some 

; Andropogon Monticola visible in it, also the grass Ischmmm ciliare and the parasite 



HopuUa delpJdnifolia. 

Burned plot. A good stand of Andropogon contortus in fruit, with much more 
Andropogon Monticola. 

Control phi. A good stand of Andropogon contortus in fiuit along with Aristida 
redact, a and IscJicemuni ciliare. 

There was no difference between these plots to the casual observer. On enter- 
ing the plots, the only difference that could be called at all worth recording was the 
greater amount of Andropogon Monticola in the burned plot. From the point of 
view of eradication, or even rodiietion all treatments were equally ineffeci.ive. 

The repeated burning which the land round Kalas undergoes, and the burning 
done both deliberately and accidentally within the fenced plot at Kalas have shown 
us that burning does not reduce this grass. On the hills near Poona, the same is the 
expm'iance. 

On the other hand, we cannot definitely say that burning tends to spread or en- 
coiira,ge it. 

Cutting and giuzmg seem to have little effect. 

The only thing that, seems really to affect it is the uprooting of it by the plough. 
We have already mentioned when dealing with conditions at Tegur and Belgaiim 
that when land bearing a mixed population of Anihisliria ciliata and Andropogon 
contortus is ploughed and harrowed, then AntJdsHria ciliata i,s the ,first to roinvade 
the cultivated plot and continues to be so for some four or five years, Thereafter 
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Andro'pogon contortus comes creeping in, and unless soil conditions are specially 
favourable to Antliisima {i. e., more soil water) tlien Andrapogon couiortus will 
finally dominate. 

L, B, Knlkanii was snccessfiii in eradicating Andropogon contorLus from tbe plots 
in tlie (toverjimeut House, Ganesbklund, Poona, on wlucli be experimented. These 
were ploughed and cultivated in the hot weather and reseeded with other wdld 
grasses in the two succeeding rainy seasons. These plots were fenced and cattle 
Irept off them till 1922 up to which time there had been no reinvasion of Andropogon 
contortus. In 1922 the plots were oj^ened to grazing but from August to October 
1923 they were again closed. Thereafter they were open continuously. Although 
Andropogon coniortus is dominant in the adjacent land it has not reiiivaded the 
reseeded area. There is plenty of opportunity for it to do so as the \'egetation 
therein is by no means close. We should mention here that Antldstina cuiata is 
not common on this area, and hence has not had a chance to invade. In addition 
we thinlc that Anthistiria ciliata needs a heavier rainfall. 

At Kalas, on the other hand, the behaviour of Andropogon contortus has been 
somewhat different. The middle reseeded strij) was treated similarly to the Gov- 
ernment House plots, but did not receive the same close attention, owing to its 
greater distance from headquarters. As Ave showed in the chapter on Kalas, Andro- 
pogon coniortus has been entirely ousted in the lower levels, where water accumulates, 
by other grasses, and in the higher levels is gradually being squeezed out by the 
tussock grasses Anch'opogon Mmdicola, and Isclmmum laxum. This jirocess, however, 
is very slow and in the intervening spaces, Andropogon coniortus flourishes as before. 
One could easily imagine a close stand of the perennial tussock grasses smothering, 
the Androjiogon contortus, but until that close stand is attained the spear grass will 
always have its chance. Hence the argument for helping nature by planting arti- 
ficially small stumps of the perennial grasses to fill up the bare spaces. 

Since the presence or otherwise of xindropogon contortus seems to be considerably 
controlled by soil moisture we made some analyses of soils in which tliis species was 
growing with the following results. 

In areas where Andropogon contortus is prominent, soil moistiu’e varies from 
3 to 4 per cent- ; where Andropogon coniortus gets scarce in lieu of A, anmdatus 
and A. caricosus, it varies from 5 to 6 per cent. ; lastly where A^ contortus is 
entirely absent and A. annulatus and Iseilema species dominate, it varies from 
8 to 9 per cent. 

The remarks of C. K. McClelland^ regarding Andropogon contortus in Hawaii are 
worth quoting : — 

“ Andropogon {Hrteropogon) contortus, twisted beard grass, tangle head, pili, 
is well known, being widely distributed. It occurs from sea-level to nearly 5,000 


1 McCloUand, C K. Grasses mA Forage plants of Hawaii. Suwaii A'm. Expl, 8L MU. 86, p. 27. 
1915 . 
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feet, alth.oiigli it thrives best lielow about 1,500 feet. It formerly covered larger 
areas than at present but has been destroyed or crowded out by overstocking and by 
encroaching of Hilo, inaiiienic, pilijiiliula and other grasses. The old Hawaiians 
utilized this grass in making their grass houses. There are extensive areas of it 
on western Holokai, on Lansi, in the valleys of Maui, and on leeward Hawaii. 
Over large areas in other regions the Pili has been nearly eradicated and it is only 
in the inaccessible places along the sides of steep gulches that occasional clumps 
may be seen. The grass makes a rapid growth, starting up after the first showers, 
but after seeding it becomes dry and brown. It may seed at irregular intervals, 
depending upon the distribution and amount of rainfall. The green growth is 
tender and palatable, but the brown stems are coarse and tough, and can be recom- 
mended only as maintenance feed for mature animals, although the disappearance 
of the grass as noted is due to grazing of the old plants as well as of the fresh growth. 
There is said to he a comparati vely small shiinlcage in cattle fattened on pili grass. 
Although the grass is perennial it is necessary to insure reseeding by removal of the 
stock since many clumps are uprooted or injured by the stock. Pili seems to be 
“ coming back ” upon certain lov/er areas of the Molokai ranch, where careful manage- 
ment is being exercised. On dry lands at lower elevations an effort should be made 
to retain pili by never ovcrstockiiig, and by allowing rest at intervals. The seeds 
are quite difficult to collect and it would be tedious work to make now seedings over 
extensive areas. With imperfect stands of pili about 15 acres per head of cattle 
are required.” 

Early in 1924 it was decided to apply to the study of Androj'iogon contortus the 
same intensive methods that had yielded such excellent results in the case of the 
study of Gypmis rotimih^, and accordingly a close investigation of the plant and 
of its life-history was undertaken. The following are some of the results so far 
obtained. 

Mor'phdlogij. This grass is mentioned by all botanists who have dealt with 
Indian grasses. The following is Hooker’s description. 

“ Stems 1-5 ft. erect or decumbent below, densely tufted, simple or fastigiately 
branched, compressed towards the base. Leaves 6-18 in., narrow, glabrous or hairy, 
especially near the base rather glaucou.s rigid, margins and upper surfaces scabrid ; 
sheaths compressed, keeled. Spikes with the lower 2-6 pairs of spikelets male with 
coherent joints : joints of upper (fern.) portion very short and curved callus beard- 
ed with brovm hairs. Sessile (fern.) s]fikelots |Hn., gl. I coriaceous, glabrous or ]fis})id, 
many-nervecl, tip membranous ; II coriaceous, 3-nerved ; III oblong hyaline, 
embracing the long slender ovary, tip ciliate, IV awn stout, eulumn hirsute. Pedi- 
celled spikelets | to in. pedicel very short ; gl. I lanceolate, obliquely twisted, 
herbaceous, keels margined or unequally winged ; 11 membranous acute, 3-nerved, 
ciliate ; pales minute, ciliate. Sessile spilcelets of the homogamous pairs, like the 
pedicelled, more or less covered with tubercle-based hairs. Hackel lias 2 varieties 
and 5 subvarieties (excluding Polystachyus) of this widely distributed plant founded 
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cliieflv on the number and position of the tubercle-based bristles ot che male spike- 
lets. They appear to me to be too inconstant for definition,” 

Tlw sjwm (Fig. 4), The so-called spear is the fruit with its attached glumes one 



The fruit and its attachment. 

I, Callus bearded with tawny hairs; II. Seed; III. Bulbous basal portion of the awn ; IV. The spirally run- 
ning channel ; Y. Wiry tail, ending in a fine point. 

of which carries the awn. The spear is best understood from the figure. Let us 
describe it from the point up-wards. 

The actual point is the “callus” which is the prolongation downwards of the 
outer glumes at the point of its insertion on the rachjUa. This is hard and pointed 
and is the penetrating end of the spear. It has a barb on it formed by a tuft of stiff 
hairs, These effectively prevent the extraction of the fruit after insertion into any 
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material, Tf tlie awn is pulled after such insertion tlien the awn comes away, leaving 
the fruit in the material. 

The fruit is a caiyopsis, of thc/avcrage length of 7 millimetres and of tiie. average 
breadth of one miilinieti'e. Mdiat apparently is the seed coat is really a covering 
formed by the ];jorsi stent glumes. Tlie lower involucral glume has .many ner\'es and 
its strongly incurved margins appear as too deep furrows on the ventral side of the 
fruit. The awn which seems to he inserted on the apex of the fruit is really ilie 
fourth glume, and is practically all awn, and expanded glume being absent. It is 
this fourth glume that comes away when pulled. 

The awn shows tv/o main parts, the column and the tail. The column is really 
linear and flat but has its margins rolled inwards so that it forms a tube. It is 
twisted so that the line of the. margins appears as a spiral marking all round tlie 
column. Tlie coliiinn is black and hairy. The tail is finer, not channeled, long, 
broum. arid wiry, and ends in a fine tip of lighter colour. The whole thing is remini- 
Boent of a whiphandle, whip lash and its cutting point. 

The awn seen under the low power of a compound microscope shows many 
minute alternate ridges and furrows, the furrows being whitish coloured. 

Physiology of the sfe.ar. When the fruits are rijie they break off from tlie rachis 
and are found hanging on to the. top of the vegetation in clumps, their awns twisted 
together. From this position they are dislodged by various ageaicies, and finally 
reach the ground. Here when the next year’s rain comes tb.ey germinate. 

The awn is astonishingly hygroscopic, and when wetted untwists with great 
rajiidity, retwisting when the i^'ater evajiorates from it. We made some experi- 
ments on the movements of these awns, of which the following may be cited. 

One spear at a time was placed on the surface of wet blotting paper and the time 
taken for its movements to be completed was taken. These times were 1-J, 2, 3, 

4, 6 minutes. During these movements the whole sjiear writhed and twisted, 
raising either end, and turning completely over several times. 

Tn addition, experiments were made by fixing the fruit in a cork and dip])ing the 
awn, in water, then standing the cork up and noting the number of revolutions and 
the time taken to unwind itself completely. These were 3|, 4 and 21 minutes for 

5, 5|* and 8 revolutions re.spectively. 

This character of movement is apparently possessed by other grasses with similar 
awns. Sampson'^ remarks iQg&rdmg Sti'pa occidentalis : — “ The seeds of porcupine 
grass are usually high in viability and reproduction is greatly fostered by the self- 
hurial device of the seed, the alternate twisting and untwisting of the awn coupled 
with the sharp pointed appendage at the base of the seed.” 

There can he no doubt that these hygro.scopic writhings help to bury the fruit 
in the ground. We have repeatedly found fruits so buried, with the fruit below 
gi’oimd and the awn sticking up above. 


^^Sampson, A. W. Plant succoKsion 'in rolation to UangoMaaiagonieut. 1'Jffl. of Anri. Bull, 

W, I919i P- 30 footnote. 
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%s Oerm/huition of the fruit. TJie fniit germinates ra-picUy, the radicle usually ap- 
pearing 36 hours. The radicle always appears near the callus and generally 

pushes its(‘l:l out through the line formed by the margins of tlie outer glume. Tlie 
plumule comes out at the other end of the fruit, apparently growing up under the 
glumes ajid coming into the light at the top of them. Fig. 5 sliows a fonr-days- 



Fig. 5. 

Andropogon contortus seedling (4 days old). 

I. Tap root; II. Root cap; III. Seed; IV. Hypocotyl; V. Coleoptyle ; VI. Mesocoty! 


old seedling and its parts. The radicle is already well developed, and has begun jo 
branch. The coleoptyle has burst and the first two true leaves have appeared. 
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Figs. 6 and 7 sliow later stages. It will be noted that tlie radicle persists as a very 



Andropogon contortus seedling (25 days old). 

I. Tap root; 11, III. Adventitious roots; IV, Persistent glumes; V. Bud in tlie axil of the first Itai 
VI. First leaf ; VII. Second leaf. 


BURNS, KULKAENI AND aODBOIiE 


39 



Andropogon coutortus seedling (43 days old). 

I. Tap root ; II, III IV. Adventitious roots ; V. Persistent glumes; VI. First leaf; VII. Bud in the axil of 
the 1st leal ; VIII. IX. 2nd and 3rd leaves with buds in the axi)s that have sprouted. 

useful tap root, that adventitious roots have developed to a considerable extent 
and that the plant has already begun to tiller. The plant then shows that rapidity 
in establishing itself which one learns to expect in plants that have been success- 
lul in adapting themselves to regions of precarious rainfall in poor soil. 

The shape of apex of the leaves of the seedling alters as it gi'ows. The coleop- 
tyle as in most grasses is tubular, the first true leaf is acute. The leaves up to the 
fifth are acute or acuminate. Thereafter the apices gradually change to obtuse. 
This is a well marked stage, and at this period the grass can be easily recognised by 
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its blunt leaves. Later there is a change 

which is the condition of the leaves m the adult plant. )„• 

forms of apex. 
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Fig. 8. 

Three kinds of apices in Andropogon contortus leaves. 

I. Obtuse; II. Abruptly acuminate; III. Acuminate. 

. . • / .r'.u <r(A (rood. Both the small and the hig variety of 

variety and of twelve putting to geraiiuatc increased and ao- 

,^tS:rS“tXe^i^:B2nm!conLl. Seeds gernhnated when 
ceteated the g absolutely refused to 

^ .Z serfs Silted equally in all kinds of soils, but the serfhngs 

w^much stronger in good soils. This indicates that oo^tortus though 

a d^^en of poor the tune of sowing and 

T»«e^o«9em™^ ^ j, i,, „„tierf that the 

fiowenng and ^ length d I . ^ 

• Ti:- We" nluS -K stress on these W™s, however. - 

° +i ibe" The figures however, do show that flowering is on the whole lapi , 
Iftf'lhJg - tke first colonists of poor ground. Tnpo,o. R»- 

rSlon — In our observatious at Mas and elsewhere 
vjp nDtiGed variahilitv within the species, and early came to the ct.»nc nsio . 

there must be definite varieties of Mdropogon hlbit" 

■fidPTice that there are at least two varieties, difteririg markedly m s. ^ < 's^ 

lonmrftv and in morphological oliaractere. One is small and amuial. the other 
large and perennial. This may account for conflicting statements by other wri ois 
a, to the length of He of a plant of this species. 


BUKNS, KULKABNI AKB GODBOLE 


41 


Tlie following are brief descriptions of the two varieties : — The amiiial variety 
occurs in poor vnal land and on rock it is decumbent, finally erect. Its height is 
from six to nine inches. The stems are not greatly compressed. The leaves are 
from one to four inches long. It flowers early after the first rains. There arc one 
to seventeen pairs of spikelets. The awns are hairy and whitish and the outer 
glumes are hairy. The roots are shallow, spreading and thread-like. The perennial 
variety occurs in much richer soils (see succeeding paragraph). Its habit is spread- 
ing and later erect. Its height is from one and a half to three feet. The stems are 
much compressed. The leaves are from two to twelve inches. It fiowers in Octo- 
ber. There are from twenty-one to twenty-five pahs of spikelets, the awns are 
brownish and the outer glumes not so hairy. The roots are deep and wiry. 

The following are analyses of soils from tj^ical places where these two species 
were growing. The analyses w^ere made in November 1920 after a monsoon rain- 
fall of 2TD4 inches, which had, how'ever, ceased about six weeks earlier. 



Soii from 
beneath aminal 
variety 

Soil from 
|i;oiU‘ath i)erennial 
variety 

Moifttiiro .......... 

1-83 

3-40 

Loss on ignition . , . . . 

3'48 

8 -26 

Sand . . . . . ... . . 

4S‘S9 

58-94 

Lime . . . . . . . . . . 

0*13 

0-17 

Phosphoric acid . . . . . . . . . 

0-10 

0-17 

Potash . . . . . . ... 

0-.3o 

0-42 

Nitrogen .......... 

0*06 

0-12 


In July 1923 after 26 cents of rain the content (total water) of tv'o similar 
sites was 3'66 per cent, from beneath the annual variety, and 7T9 i)er cent, from 
beneath the perennial variety. 

It is plain, therefore, that the annual variety is a colonizer of much poorer soil 
than that on which the perennial flourishes. The Tegiir Andropogon conloriiis is 
all of the perennial type. The annual type is usually found on the very shallow 
parts of Deccan soils. 

These two types come true from seed, as \re have experimentally tested in our 
nurseries and in field plots . 

Bews^ mentions Aiuh'ofogon coniortus as “ an early flowering species which forms 
vernal aspect societies.” This certainly does not correspond with our perennial 
variety but is true of the annual variety. 


^ Bews, J W. Grasses and Grasslands of South Africa, p. 117. 
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I Summary. In. Androjpogan cordoHus we have a species well adapted to poor 

soil and diy conditions. It does not, however, represent the worst stages of a succes- 
' sion. Next below it comes a x^hase in which the Arisiidas dominate. 

Andropogon contortus gives a good fodder until the spears foiin. If made into 
' hay or silage before these spears harden, the grass is most useful. The tiX)ears rapidly 

harden, however, and along with this there is an immediate drop in the feeding 
value of the grass as indicated by analyses. 

, Kexdacement of Andropogon contorlm by other grasses has been successfully 

if carried out at Government House, Poona. Andropogon coniorkis has never managed 

;f to get a footing among the Andropogon pertusus of t}io Agricultural College 

,1 ridges at Poona. At Pimpalgaon Basvant it was found among Andropogon Monti” 

;; ' cola and Andropogon purpurcoseric&us only where erosion had left a soilless rocky 

-il.' -r ' channel. 

j Burning, cutting and grazing do not kill out the perennial v«ariety at Tegur, 

j At Tegur and elsewhere if the Andropogon contortus is destroyed by the x^ough it 

’ comes back very slowly but for the first few years Antliisiiria ciUata dominates the 

i ploughed portion. 

; , We frankly admit that we are not anywhere near finality in our study of this 

> i species, but the indications are toAvards the following tentative conclusions ; — 

! (1) If extirpation is wanted then there must be cither one or more of the 



following changes in the environment : — 

(a) Ploughing up of the existing grass. 

(&) Alteration of the nature of the soil and especially of its water con> 


(c) Introduction of competing species. 

(2) If utilization is desired .then it must be by silage and hay-making not 

later than the first appearance of the spears. 

(3) If the prevention of invasion by spear grass is desired then all that is 

necessary is the prevention of the killing of the existing cover by oA'^er- 
grazing or mechanical injury of other kinds. 



TxVble I. 

Difierenf. analyses of Andropogon contortus and its comjmrison with Andropogon amiulatus ami kadbi. 
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Table II. 


Showing the time of sowing, flawerirng and the length of life of groion m ‘pots. 


Small vaiuktv 


17th May 1024 . 

SLsfc May 1924 . 

2 1st June 1924 . 

5th July 1924 . 

19th July 1924 . 
2n(l August 1924 
16th August 1924 
30th August 1924 
13th September 1924 


Date of 

Date of 

floweriujr 

dropping seed 

5-10-1924 

8-11-1924 

10-10-1924 

15-11-1924 

14-10-1924 

20-11-1924 


1924 1 8-11-1924 

1924 9-11-1924 

1924 10-11-1924 

■1924 ! 10-11-1924 


1924 ' 28-11-1924 


2. The Aristida s^pecies. 

01 these, there are three common on our poorest land, viz,, A. redacia, A.fimi- 
eulaia and A. Adscenscionis. They have the common character of the genus, namely, 
the tripartite awn, and the following differences in the awn between themselves. 

A. reiacta. This is the most easily recognised as two of the branches of the awm 

axe very short, and the third long. , 

A.funicuhta. The column (the undivided part) of the awn is up to two inches 
long and is twisted and scaberulous. One of the awn branches is slightly longer 
than the other two. The awn is articulate on the glume. 

A. Adscenseionis. The column is not more than an inch long and the awn is 
not articulate on the glume. 

These are grasses of low stature giving little foliage and poor feeding, ifiey 
produce spears earlier than Andropogon contortus. Their spears are finer but very 
annoying. When dry in the awncd condition an area of Aristida is mere tinder 
and a spark will start a fire that travels with great rapidity. 

The conditions suitable for the Aristidas are, as we have seen at Kalas and 
elsewhere, open dry situations with poor shallow soil. It covers enormous areas 
in the very dry poor parts of the Deccan. Buffaloes have been seen to graze Anstida 
funiciilata greedily when it is in the young state. 

The Aristidas mark a stage between the lithophytes and Andropogon contoitMs. 
The Kalas quadrats indicate this, also observations in other similar areas. An 
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^ristida area ’odll never advance unless grazing is restricted and soil water conserved. 
Very simple rude terracing even by six-ineli wails of stones will help tbe latter im- 
provement. 

Other species oi Anstida, referred to significantly as needle grass and poverty 
giassj are fomid in similar situations in America, in South Africa still other species 
occupy dry barren areas. 

3. A7idropogon mmiilatiis^ Porsk. Mid. Andmjgogon caricosus L. 

These tvD grasses are usuaUy lumped together by hersdmen and given one 
\eiiia,cu ai name. In Marathi this name is Marvel, and in Gujrati Zinzvo. 

Ill ere IS a general consensus of opinion among all vu-iters that these are specially 
Judder grasses. This also is the opinion of farmers and herdsmen. It is 
a so the opinion of the cattle who will sort these species out of a mixture and eat 
them first. 

cinmilatus, Lisboa^ says, “It is considered, an excellent 
lodder grass either in the green or dry state.” Duthie^ remarks, “ It yields a com 
siderable amount of fairly good fodder which is largely made use of.” Rangachari^ 
states, This is another common grass flourishing in cultivated fields and gardens 
an^ seems to like sheltered places. This yields a considerable amount of fodder 
and stands cutting very well.” 

As to Andropogon caricosus, Lisboa^ kys that it is “ esteemed a.s good fodder, 
eaten by cattle.” Rangachari® says “ This is a common grass flourishing on the 
un s O' paddy fields and in sheltered places where there is sufficient moisture 
M -r ^ ^ Cattle eat the grass eagerly both when young and in flower.” 

mcRerral states that it is “ common in the dry zone (of Burma) where it is 
perhaps the most important pasture grass.” 

The following' are analyses of the grass (A. anmdabus) : — 



Before 

flowering 

Tn flower 

After 

flowering 

Moisture .... 

Ether extract . . * ] j 

Albuminoids 

Carbohydrates . . ] ) ) 

Woodv fibre . . 

Ash . 

Per cent. 

69-90 

1-00 

2- 14 
13-4G 

9-20 

3- 70 

Per cent. 

65-03 

1- 70 

2- 24 
14-80 
11-59 

3- 74 

Per cent 

65-40 

1- 72 

2- 00 

12-Sl 

14 26 

3-Sl 


^ Lisboa. Bombay Grasses, p, 82. 

® Duthie. Fodder grasses of N. India, p. ,33. 

Ivangacluiri. The Qommon Fodder Grasses of the iladras Presidency. 

* Lisboa. Bombay Grasses, p. 81. 

6 Common Fodder Grasses of the Madras Presidency. 

.uc^errai. .iiio Commoner Grasses of Burma. Dept, of Aqri., Burma, Pull. 20, p. 12, 1023. 
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Andropogoiv anmdatus and A. caricosus are rather iike one another as maj be 
judged by the fact that they are liinajoed as one variety in the vernacular. They 
are botanioaily distinguished by the following marks : — 

Anilropogon anmiluius Anclropogmi caricoms 

Hahik ilotlium size -vvilli terminal inflorcsccuccB. Big and tufted with terminal and axillary 

inflorescences. 

Bodal hairs on Siam. Long. fcJliorfc. 

Infloreamice colour. Purple. Light pwijlish-greon. 

Injlorescenee hairs. Long. Slxort. 

Both are variable. Hacked describes three varieties of A. cmnuhkis (genuinus 
decahatiki and Bladhii) and Hooker^ adds a fourth i^paf illosus). These differ from 
one another in hairiness. The present writers are not prepared to say that their 
observations entirely confirm this classification. Having regard to similar vari- 
ability found in several other grass species, and in cultivated cereals, we are inclined 
to think that any attempt at botanical determination of varieties without genetic 
tests is premature. Of one fact we are convinced that both species, and especially 
A. mm Hiatus, are variable. We have already shown that in the species Andropogon 
contortus there are two genetically distinct varieties, and we have confirmed this 
in cultures. The same method mu.st be applied to olher wild grasses if certainty 
is to be reached. 

It seems to us that throughout the whole science of taxonomy it is now time 
that the p].‘actico of naming varieties and species from casually collected specimens, 
dried and pressed, should be stopped, and that the only scientific method of pure 
culture should be substituted. 

Jkologg of Marvel {A. anmdakis and A. caricosm considered as one). We have 
already shown how Marvel dominates in the part of the Kalas plot where there 
is plenty of soil water. In recent years there has been rather too much water as 
is indicated by the increasingly swampy nature of the vegetation in No. II and 
No. VI quadrats. The effect on the Marvel is to develop a purple colour in the 
leaves and to stunt growth in the early rains. 

We have also shown how this grass dominated in the compound of the Economic 
Botanist, Poona, in a lawn planted with Cynodon dactylon, and in an area where 
the normally dominant grass was Andropogon pertusus, in unwatered soil. 

In the European cemetery at Poona in deep black soil M'arvel is absolutely 
dominant to the exclusion of all other grasses. This soil is never grazed^ but the 
grass is cut annually. In the poorer gi'azed soil outside the cemetery Andropogon 
contorkis is the dominant grass. 


1 H'ackel. Monograph Andropogon, p. 479 . 

* Hooker. Flora of British India, Vol VIII, p. J 97. 
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We have shown that, it is found at Chharodi in the part set aside for cutting. 
At Tegiir it could not stand against the cojnpetition of AntUsHria ciliafa and Jn- 
dropocjon coniorias. 

The natural conclusion is that in Deccan soils if the soil water is sufficient and 
if grazing is not severe ‘Alarvel does establish itself. The places where it lias 
established itself at Kalas have a total soil water content in the dry season of (>’51 
to 13’25 per cent. In Gujarat udth its more retentive soil Marvel will usually 
establish itself along with other good grasses if it is not too heavily gi.’azed. In 
the Southern Maratha Country it cannot establish itself in the typically A ndro-pcKjon 
conLortus tracts, l)ut -where there is heavier rainfall and more soil niois-'hirc we iliiuk 
estaldishinent is possible. In the hea^^ rainfall areas of the coast it is not so ]>ro- 
minont, but either on the coast with a lighter rainfall or a little way inland one 
gets Marvel {e.g., as in the reclaimed land in Hansot or the Jungle at Ncral). 

Bews^ says Another small group {of Andropogon) is confined to the Sfu'iii- 
open veld, or dry rocky hillsides of the oentee and west (of South Africa), rw., 
Andropogon Monlicola var. trimi, from Becliuanaland, which is noted by Stajif as 
also occurring in India, A. ischaenwmi v&r. mdicans, A. scMmzii and A. anmdahifi.'’ 
He therefore allots it to conditions very similar to those in which wt, find it in India, 

4. Andropogon peMmus^ Willd. 

Of this grass there seem to be many forms. HackeP mentioned tour Indian 
varieties, united by intermediates. Our remarks as to the taxonomic methods 
in the section on Andropogon mvmdalus and A. caricosus apjdy here also. We 
have seen on the hills of the Deccan a form -vidth red wiry runners. In better soil 
the runners are not consx^icuons. The distinguishing mark of the species is the 
pit in glume I of the sessile sj>ikelets. 

Hooker® states that the grass is both annual and j^erennial. Bangachari^ cal!.s 
it a perennial. Our observations indicate that a plant will last for at least twelve 
years; 

We have mentioned this grass as common in the estate of the Poona College 
of Agriculture, in six inch deep soil, with a twenty-seven inch rainfall and moderate 
grazing. It is also common in the compounds of the College of xigidculture at 
Coimbatore. At Tegur in land near jungle with very shallow soil having a slope 
of 1 in 10 we found A. pertusus the dominant grass. There wore also present there 
A. Monticola and A. contortus. 

There is little doubt that it is drought-resistant. An Australian -vuiter® says 
“ some years ago I had this species growing on a lavm for which I found it a very 


* Bews, J. W. Grasses and Grasslands of South Africa, p. 55. 

2 Ilackel. 2Tnnogra.ph Andnqjogon, p. 479, 

2 Hooker. Flora of British India, Vol. VIII, p. 174. 

* Ratiffackari. A Hmulbooh of Some South Indian Grasses, p. 191. 
5 Afiri. Gaz. of N. S. ir., IV, 82. 
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suitable grass, both for summer and winter. After being out a few times it assumes 
a dw\arf compact b.a])it and is easily Icept in order with otiher lawn grasses. I can 
recommend it as a lawn grass for some of the drier districts of the colony.’’ 

As to its fodder value Watt^ says “It is an excellent grass for grazing and .stack- 
ing.” Duthie^ says it is found in light soils and puts it among the first class fodder 
grasses, Eangachari^ remarks “ This is an excellent fodder grass and it grows 
quickly and stands cutting very well. Cattle eat this grass very well,” 

One occasionally comes across the statement that this grass has a . smell which 
makes it unpalatable, as when MeKerral^ .says, “ Common in the dry zone and of 
some use, although some cultivators state that cattle dislike its bad smell and 
bitter taste.” 

We have seen it browsed -with relish year after year. If there is anything in the 
statement as to bitter taste and smell it may refer to some variety, or it may be 
largely imagination. Where this grass is present it is to be enconraged. If well 
treated it will last, and if the soil moisture increases will tend to give way to even 
better grasses. 

Bews® states that in South Africa Andropogon 2^eTtusus “ occurs usually in the 
early stages of subseres but may be found in more stable veld.” By this he means 
that the species Andropogon pertusus is usually found in the earlier stages of a suc- 
cession back from land disturbed by cultivation or other interference but may 
persist in the later stages. 

VII. The PROPAGATION or wild grasses by artificial seeding. 

Por some years the United States Department, of Agriculture has conducted 
experiments in artificially reseeding worn out native pastures in the west, but 
practical results arc limited to a small acreage of lands where soil and moisture 
conditions are very favourable. Even on such lands it i.s frequently a question 
W''].iether the increase in fodder wull justify the expense of seeding. Eesuits also 
indicate that turf formers are the only grasses -which will bo maintained and will 
continue to spread from initial planting at high elevations, and that success has 
been had wdlh native rather than exotic species. 

In our conditions we have in our experiment successfully renovated a spear 
grass area at Poona by extirpating tlie existing vegetation and re-sowing with 
seeds of useful wild grasses. This experiment is described in detail in another 
publication by one of us. (L.B.K.). 


'■Watt. Dii'Houari/ of ISctmomic Products of Indm,Vah 11}, j). ii,]. 

Fodder Grasses of N. India, IX 12. 

* Rangacbari. A Uandbook of Some South Indian Grasses, y:. 192. 

* McKerraJ, A, The Commouer Grasses of Burma, IJept, of Atjri., Evnia, Bull, 20, p, 12. H)2;{. 
P Bews, .7. W. Grasses and Grasslands of South Africa, p. SO, IS 18, 
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At Kalas in tie fwea wliose ecology we have described earlier in this paper, we 
also tried reseeding. A strip down the middle of the area running its whole length 
was ploughed in 1920 (just after enclosure) and reseeded in June 1920 with a mixture 
of the following wild grasses - 


Grass Anioiint in lb. 

Ajidropoganjmrpureo-sericem . . . . . . . . 70 

/L Monticola . . . . 20 

A. mricosus . . . . . . . . . ... .10 

A. -jKrivms . , .... . . . . . 10 

Thehpogon. degans. . . . ... , . . 25 

AnlMslirm cilinta . . . , , ... . . 20 

IurJimmim laxurn . . . . ... . . . . . 20 

Apluda mria. , . . . . . 20 


In addition the following wild leguminous plants wore added in the hope that 
by their growth and decay they might add nitrogen to the soil — 


Tephrosia purpurea 2 

Psoralea corylifoUa ... ... ... 1 

Indigofera glandulosa ... ....... 5 


The plot on which these were sown amounted to about 2 acres. An early effect 
of this treating of the land was the appearance of a weed flora from among which 
Vinca jmsilla was dominant. In the first two years Andropogon purpmeo-sericeus 
showed a fair stand, especially in the low-lying area, but later practically disappeared. 
Of the other plants sown Aplxida varia is fairly common and even dominant in some 
places, wliile Tephrosia pxurpurea is found here and there. Neither of these is found 
outside the reseeded strip. Otherwise the reseeded strip is similar to the rest of 
the area, the other grasses having failed to establish themselves and the check to 
the normal vegetation (due to ploughing) having been got over easily on account 
of continued enclosure. 

The reason for lack of success in reseeding with wild grass seed is the generally 
unsatisfactory germination capacity of such seeds both in America and India. 
Certain wild species may have fairly high germination percentage but most of them 
give very low figures. The table below shows the results of tests carried out at 
the College of Agriculture, Poona, in' 1915, 1920, 1921, and 1922. 

One hundred seeds of each of the following sj)ecies were put in small flower 
pots filled with fine sand. These pots were placed in big trays filled with water 
so as to keep the sand constantly moist. The pots were covered with glasses. 
Germinated seeds were removed daily and comj>Iete record of the number germina- 
ting each day was kept. The seeds were tested twice a year, namely, once in Janu- 
ary or February that is after the seeds were collected and before they were finally 
stored in tins, and a second time in June or July that is before the seeds were 
used for sowing in the field. 
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^able showing results of germination tests. 




191.3 

1920 

■ 

1921 

1922 

Serial 

STo. 

Bj)o.cie.‘? tested 

Time of 
collec- 
tion, 
Nov.- 
Dee. 
1914 

Time of 
teat, 
.Tan.- 
.Tnno 
1915 

Time of 
collec- 
tion, 
Nov.- 
Dee. 
1919 

Time of 
test, 
Iteb.- 
June 
920 

Time of 
collec- 
tion, 
Nov.- 
Dcc. 
1920 

Tlmi' of 
test, 
Feb.- 
.1 line 
1921 

Time of 

I'Olll'C- 

tiou, 

Nov.- 

Dee. 

1921 

'I’ime of 
tOKt, 

.lan- 

.rvily 

19;.: 





Percenta 

ge of gen 

ilnatioii 




1 

A ndropogon earicasus . 



35 

69 

11 

30: 

11 

10 

.3 

„ Montkda . 

1 

11 

0 

T 

- 

- 

- 



„ ptirpureoserieeits. 

S 

51 

0 

29 

2 

10* 

40 

2 

. 41 

4 

„ piimilis 

1-5 

9 

0 

22 

- 

~ 

0 

1- 

r> 

„ perlusus . 

40 

10 

?, 

4 

21 

6* 

2S 

21 

16 

c 

„ tinnuhtlim . 

13 

12 

_ 

„ 

8 

36 

8 

17 






18* 




. .7 

Tr.pilrma WigMii . 


lit 

- 

- 

h 



■ 7 

,8 

,, nnlhephoraidef, 

1 

- 

- 

- 

8* 

31 

- 

13 

0 

Iselimnim sukatuim . 


24 

1 1 

48 

12^ 

16 

12 

29 

10 

„ lamm , 

- 

- 

- 

- 

1 

9 

1 

38 

11 

Apliidamria 

9 

12 

0 

25 

17 i 
0* 

16 

17 

19 

12 

AnUddhiti cUMn 

2-5 

18 

0 

37 

3W 

1 28 

39 

33 

13 

TMepiigon elfgunn 

iri-.'l 

- 

0 


0 ' .1 

4* 

■ 4, 


■8 

14 

ChUnt! hiirhnlti , 

29-5 

U 

- 

- 


- 

1 

1 •• 



Average peiveiitage 

12-4 

214 

4-3 

26-7 

10-9 

22'0 

10-0 

184 


- means seeds not tested. 

* means pots kept outside the room. 

0 means that seeds did not germinate. 


Lfitei? tefits gave similar figures. Tlie highest value got in single tests were 
SO cent ioT Andropogon purpurea sericeus and 70 per cent, in the case of Andro- 
liogon contorLus. 

The causes of the comparatively low germination percentage of most wild gi’a.sses 
are probably many. Among these may be— 

(1) Varying maturity at time of collection, since grass plants mature their 

seeds from one or other end of the infl-orescence. 

(2) The possible need of a rest for the after ripening ” of the seeds of some 

species. In addition, one should remark that much so-called seed 
found in collected seed of wild grasses is not seed at all, but raerely 
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(^nipt} Iinsks. Sncli empty Lusks are produced citlier sfilkf^lids 
tliat do not usually contain female dowers, or the spilvcle.ts in wliieli 
tlie female flowers liave failed to set fruit. 

Wlien we consider, tlieii — 

(1) that niiicli collected seed of wild grasses consists of Iiusks, 

(2) that of the true seed the germination percentage is low, 

(3) that of this low ptercentage many ^vilI not survive in field conditions, and 

(4) that the collection of the seed is an expensive process, 

we are forced to the conclusion that artificial reseeding of natural pastures will 
jl he rarely apphcable as a means of renovating depleted grass lands. 

VIIL The Burning of Grasslands. 

During the dry season and especially in the hot weather grasslands in India 
are liable to take fire. In the carefully guarded area at Kalas we have luad two 
fires due to (1) accident and (2) incendiarism. The area just outside the fence 
is burnt annually (accidentally) and only an efficient fireline prevented tlie pj otected 
area from similar annual burning. It should be mentioned that the inflammable 
vegetation outside the Kalas fence is very low in height (having been so heavily 
grazed) and small in bulk. In areas where tall grass is allowed to remain and dry 
. up, the risks of fire are correspondingly greater. 

The actual effects of such burning on grass lands in the Deccan have been observed 
at Kalas on (1) Ijurnt quadrats, (2) the accidentally burnt area, (3) deliberately 
burnt strips. 

The burning of quadrats did not decrease either the total number of plants 
present or the number of species represented. On the other hand, denuding by 
scraping put back the vegetation as to density and gave opportunity for weeds 
■ to colonise the bare areas. The accidentally burnt parts were unrecognisable from 
the unburnt parts at tlie end of the following rains. We have already mentioned 
on page 7 the effects of burning in forcing early growth, and the evil effects 
f ' . of imdeoayed vegetable matter lying on the soil as an impenetrable mulch. 

Hole^ has given some important data and conclusions regarding the effects of 
firing in the Dehra Dun Valley and its surrounding hills. Reference must be made 
to his original memoir for his full arguments, but he summarizes his facts by saying 

“In addition to the direct action of fire on the grass plants, also, we have to 
consider another important point, viz., the effect of fire upon the soil. It is obvious 
i that any factor which decreases the water content of the soil, ip-so /ac/n, renders a 

I locality unfavourable for the vigorous growth of robust mesophilous and hygi-o- 

I philous species and tends to produce conditions suitable for the growth of more 

'l xerophilous plants. 


^ Hole, R. S. On. Some Forest Grasse.s .and their Ecology. Inti. For. Mem., T, 1, pp. 119-120, 
1,911. , ' 



62 


STUDY OP INDIAN GRASSES AND GRASSLANDS 


“ This is exactly what fire really does and it appears to act in two principal 
wa5^s ■ 

(1) By directly destroying the hnmns which may exist in the surface soil 

and by effectually in-eventing any further addition to the existing 

supply through destruction of all dead leaves and organic debris. 

(2) By altering the character of the clayey constituents of tlu; soil in such 

a way that loam to a great extent loses its power of retaining water. 

The texture of the soil becomes coarser and percolation is increased.” 

Hole ivS dealing with a district that has an 80-inch rainfall and where coarse 
grasses, particularly Baccliarum Narenga and Saccharum Munja, grow luxuriantly. 
In our heavy rainfall areas it is probable that we may have something like his con- 
ditions, but in none of the stations on which we have carried out experiments have 
we found that enormous coarse growth which is commonplace in the area of which 
he is treating. On the other hand, in the whole of the Deccan, most of Gujarat 
and the whole of the Southern Maratha Country it would be a cardinal error to do 
anything to reduce the water-holding power of the soil. In all these parts and 
especially in the Deccan we need to increase the waterholding power. We Imve 
already indicated that the establishment of Andropogon annulatus and A. caricosus 
in the Deccan seems to follow increase in water-content. 

Bews^ in South Africa comes to the conclusion that if the grass veld is of a primi- 
tive or semi-open type with species of Aristida or Eragrostis dominant (like much 
of the Deccan) burning prevents the plant succession from going any further. If 
the grassveld has developed further and carries Anthistiria as a dominant species 
(like some of our Southern Maratha Country grasslands) then burning sends the 
succession back a step to the Aristida-Eragrostis stage. If the grassveld carries 
tall coarse grasses (as in Hole’s Dehra Dun area) the veld should be burned deli- 
berately to send it back to the preceding Hwi/rfs/iriG stage. 

These findings agree in the main with those of Hole, that burning tends to 
produce a more xerophilous type of vegetation. 

It is plain then that, as a tentative procedure for Western India, 

(1) we should, in the Deccan, Gujarat (except the coast) and the Southern 
Maratha Country, avoid burning. We should, however, take care to see that no 
dead vegetation accumulates but that the grass is cut or grazed close before the 
advent of the dry weather. We wish to increase the water-holding power of the 
soil. The dead material of grasses in bulk is produced at the end of the rains and 
is too sclerenchymatous to rot easily. During the rains, due to grazing and cutting 
and casual withering there is a small annual addition of humus that will gradually 
have its effect, if we can keep that effect from being annulled by fire in the dry 
weather. 


^ Bows, J. W. The Graases and Grasslands of South Africa, pp. 141-142, 1918. 
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Tlie gradual inGrea.se of the .stumps of perennial grasses also acts as a potent 
meaiLs for preventing nin-ofE and with these two agents at work (increase of humus 
and of perennial stumps) the water-holding power of the land will gradually improve 
and the vegetation change from poor into good grassland, 

(2) In areas of heavy rainfall, it may be necessary to burn if tall coarse grasses 
are likely to dominate, but the fact of a grassland merely being in a hea\w rainfall 
area does not mean that it should therefore be burned. We have seen that at 
Mulund in a heavy rainfall area the grass cover was very meagre due to trampling 
and over-grazing. Again, in heavy areas the aim should be to have the grass cover 
off the land before the dry weather, leaving only short stubble, and burning only 
if necessary. 

American experience of burning is as yet inconclusive. One of us (L.B.K.) 
saw some experiments in 1924. The following may be mentioned. 

In the foothills of the Jornada Range Reserve, New Mexico, burning in February 
was done. In July the burnt area gave decidedly less hay than the imhurnt one ; 
there appeared abundant annual species including grasses in the hiiriit area ; the 
grama grass {Boutdoua dygostacJiya) was killed out by burning. 

In California in the Sierra mountains, burning of the foothills in August 1923 
produced a dense growth of annual weeds with low forage value. 

Experiments at Redding in California were not conclusive. 

Experiments in Kansas rather favoured buniing, but there the conditions are 
markedly different from the south and the results cannot be considered so appli- 
cable to Indian conditions, 

IX. Conclusion. 

“ The first step towards the discovery of the most scientific and therefore the 
most economical and productive treatment ” (of gi-assland) “ is the careful and 
thorough study by trained investigators, of the natural composition, behaviour 
and succession of the vegetation.^ ” 

In the preceding pages we have endeavoured to record what we have discovered 
as to the composition, behaviour and succession of the vegetation of certain grass- 
lands in Western India. The results are hopeful. Very poor land in areas of 
moderate rainfall has produced under careful treatment useful stand of grass Avithin 
five years. Salt land on the coast as it becomes drained carries good grass. Other 
coastal districts have excellent vegetation easily destroyed or caused to degenerate 
by trampling or over-grazing but quickly ameliorated by controlling these factors. 
In Gujarat and in the Southern Maratha Country very fine pasture can be developed 
with moderate care. 

The Indian public and its legislators have been for some time alive to the need 
of such care and improvement. In 1915, the Honourable Maharaja Ranjit Sinha 


^ Nature, August 2.3, Imperial Botanical Conference, p. 294. 
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]Ait a qiiestioji regarding the deterioration of Indian cattle and the provision of 
coiniiion grazing grounds in the Imperial Legislative Council. In 1919, Dr, Harold 
11. Mann, Director of Agriculture of the Bombay Presidency, brought to the mjtice 
of the Board of Agriculture the need for a systematic investigation of the improve- 
ment of grass areas as a measure against famine. In 1920, Sir Purshottamdas 
Thahurdas, in his capacity of trustee of the Cow Protection Society, memorialized 
the then Viceroy on matters affecting the welfare of cattle and insisted on. India’s 
capacity to produce all the fodder necessary for the upkeep of her cattle if pi'oper 
arrangements were made. 

M^hat is now required is experiment on a large scale on the eftects of certain 
treatments, ])articuiaiiy the American methods of deferred and rotational grazing 
modified as required for different tracts in India. We arc fortunate in having in 
this matter the co-operation of some of the rich cattle protection societies in Western 
India and hope thereby to still further increase oiir knowledge on this important 
subject. 

With the increasing demand on land for the growing of money crops, the in- 
creasing need for draught cattle and pure millc, and with the indications of recent 
researches in animal nutrition showing the value of grazing as against mere stall- 
feeding, it is plain that this important investigation must be carried much further 
as an integi’al part of the measures taken for the permanent enrichment of India. 


APPENDIX. 



S'pecies found in the enclosed grass area al 

Natural order 

Species 

Papaveracese 


. Argemone. vmzicuna Tv. 

Capimridacese 


. Gkome simpUeifoUa'EKt & T. 

„ »tscosa Ivirm. 

Poiygalaoese 


. Polygala etioptem DO 

9, cMnensisL. 

Portulacacose 


, Portulaca ohracea 1 /. 

Malvaeea? 


. Sida grmiodes GP & R. 
Qossypimn Mrmtum L. 

Hibiscus micmnllms, L. f. 

Tiliacem 


. Gorchorus trilocularis Burm. 

Caryophyllace® 


. Polycmpaia corymbosa Lam. 

Geraniaceaj . 


. Monsonia senegaUnsis G & P. 

Meliaceaj 


. , AzudimcMa indica Juss. 

Khamnaccso . 


Zizyphtis jujuba Lam. 

Leguminosai 


. Heylmidia latebrosa DO. 
Bhynchosia minima DO. 
Alysicarpus monilifcr DC. 

„ nigosus DO. 

Crotalaria juncea Lixm. 



„ filipea Bth. 

Indigofera cordifolia Heyne. 

„ lim/oKo Pvetz. 

,9 glandulosa Willd. 

9, trifoUata L. 

Psoralea corylijolia Lhm. 
Tcphrosia purpurea Pers. 

„ tenuis Wall. 

Sesbania aculeata Pok. 

Zornia diphylla Pers. 

Phaseolua trilobus Ait. 

Cassia Kleinii W. & A. 

Acacia arabica Willd. 

Cucurbitacooj 


. Ooccinia indica W. & A. 

Cactaccas 


. Opmitia elatior. 

Rubiaceaj 


. Spermacoce stricta L. f. 

99 hiapida L. 

Oldenlandia aspera DO. 

Anotis Montholoni HK. f. 

Uompositre . 


. Pulicaria WigMiatia Olke. 
Lagaaca mollis Gav. 

Qloaaocardia Unmrijolia Cass. 
Vicoa auriculata Cass. 

Tricholepis radieana DO. 

( 66 ) 
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Compositaj . . ‘ . 

. . Vernonia chierea Less. 

Ccemlia axillaris R. 

Launcea nvdicaulis H. f. 

Tridax prommhens Linn. 

A-pocynaceas . 

, . Vinca pusilla Murr. 

Asclepiadacoa: . , 

. , Cadatropis gifjantea Br. 

Dcemia extensa Bi\ 

Gentianaceas 

. , Oanscora deeurrens Dal. 

Mrythraea Eoxbwgldi Don. 

Boraginaoese. 

, Eeliotropium ovalifolimn VocHk, 
Trichodesma iiuiicum Br. 

Gonvolvulaceas 

. , Mvolvulus elsinoidea Linn. 

Ipoinea pes’tigridis L. 

Scrophiilariace83 . 

. . Striga lutea Lonr. 

„ denaiflora Bth. 

Sopubia delpJdnifolia Don. 

Acantliaceaj . 

. . Lepidagathis criatata Willcl. 

Justicia diffnsa Willfl. 

„ quinqueangularis K,oen 
AndrograpMs ecliioidea Nees. 
Ruellia patula J'acq . 

VerbeuacesB . 

. , lAppia nodijlora Rich. 

Laniana eaniara L. 

I/abiatas 

. . Leucaa lojigifoUa Bth. 

Lavandula Burmanni Bth. 
Orthasiphoii tomentosa Bth. 

Nyctaginacasecc 

. . Boerhaavia dijfusa li. 

Amarantacefe 

. . Digera arvensis Forsk. 

Oelosia argmitea L, 

EuphorbiaceiB 

. . Euphorbia coccinia Roth. 

,, hyxi&riciJoUa L. 

„ geniculata Ort. 

„ pihiUfcra L. 

Aealypha nmlabarim Muell. 
PhyllantMis maderaspatensis L. 
Fluggea microearpa Bl. 

Eiliaceas 

. . Ghlorophykm hiberoaum Bak. 

Asparagus racemosus Willd. 
Iphige7da indica Gray. 

Eeilla indica Bak. 

Asphodelus Unuifolius Cav. 

Comraelinaceje 

. . Oyanotis tuberosa Schult. 

„ fasciculata Schult. 
Cotmndhia Forskalosi Vahl. 

Cyperaceae . 

. . Kyllinga triceps Rottb. 

Cyperus rotmidus Linn. 
Fimbristylis Woodrowii Clke. 

Gramineaj . 

. . Andropogon contortus Linn. 

,, Monticola Schult. 

» annulakis Forsk. 

caricQsus Linn. 
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Andwpogon foveoJaius Del. 

„ perlvszis Willd. 

pumihis R. 

„ piirpureo-sericevs Hoclvst. 
,i trUicms Br. 

„ Schmnunthus L. 

Pennisetiim cenchroides Rich. 

Iseilema laxum Hack. 

„ Wigliiii Anders. 

„ anthephoroides Hack, 

Ischo&Mum laxmn Br. 

„ sulmtum Hack. 

„ pilomm Hack. 

Panicmn colonum h. 

„ Isachne Roth. 

„ javanicum Poir. 

TriclLolcsna ros&a 
Polytom barbaia Stapf. 

TMepogon eXegans Roth. 

LopJiopogon tridentalus Hack. 

Apluda varia Hack. 

Manisuris gramdaris L, 

Aristida redacta Stapf. 

„ funiculaia Trin. 

Gracilea RoyUava H. f. 

Tripogon RoxburgMi Bhide. 

,, Jaccjucmontii Stapf. 

Gynodon ductylon Pens. 

Dinebra arabica Jacq. 

Eragrosiis tenella R. & S. 

„ major Ho-st. 

Oropetium Thomcem Trin. 

Trachys mucronaki Pers. 
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STITDIK8 IN GUJARAT COTTONS, PART III. 

THE WAG AD COIUON OP UPPER GUJARAT, KATHIAWAD 
ANDKUTCH. 

BY 

MAGANLAL L. PATEL, M.Ag., 

Cotton Breeder, South Gujarai 

ANB 

D. P. aL4NIL4D, 

Cotton Breeder, North Gujarat, 

(Received for publication on 2Gth October 19^5.) 

I. INTRODUCTION. 

In former memoirs on tlie cottons in Gujarat^, one of tlie present autliors has 
described the various types of cotton which are grown in this part of Western India, 
and given a detailed account of two of the three main varieties of Gossypium 
lierhaeeum ciiltiva,ted there. These t-wo varieties are the Goghari characterized 
in all its strains ])y roughness, shortness of staple, and high ginning percentage, and 
the Broach desM, soino of whose strains form the highest quality of staple cotton 
produced in India, cultivated in South Gujarat. This latter type [Broach desM) 
also inclnflcs tlie somewhat inferior but still good strains grown further north in the 
Broach district and tlie Baroda State, and forms with some admixture of the Goghari 
type the bulk of tlie cotton marketed under the name Broach, 

North of the {iron, of vhat is technically known as “ Broach Cotton there lies 
a very large area producing cotton known on the market as DhoUeras which 
includes almost tlie whole of Northern Gujarat, Katliiawad and Kiitch, which 
consists of three cotton types known locally as Lalio, Wagad and Mathio. 
It is with the second of these that the present memoir deals, but before going into 

^ M. L. I’aU'l. ,Si iidics in rjujarat Cotlons, Part I. Mem. Dept. Aijrl. India. Bot. Si>r., Vol. J 
jil. L. T’ak-i. Stii.li.'f: in ibijarut CVitlons, Part 11, Mem. Dept. Agri. India, Bot. Ber., Vol. 3 

i m ) • 
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details wifli regard to it, it will be necessary to give some account of tbe Dholhras 
cotton as a wlioie and tlie area wbere it is grown. 

DhoUeras wlfm. Tiie type of cotton known as Dholleras is grown on an a.rea 
var}dng from two to two and lialf million acres a year, and the yield is estiimited 
by the ^Indian Depa,rtment of Statistics from four to six litindi'od thousand Indian 
bales of cotton. The actual areas reported in the last three years are as follows 

Af>r(\s 

1922- 23 . . .... . . . . . . 2,014,000 

1923- 24 . ■ . . . . . . . . . . . 2,1.27,000 

1924- 25 . . . ... 2,470,o00 

It will thus be seen that Dholkras form one of the most extensively cultivated 
commercial types of Indian cotton, standing only after Oomras and B. a gals. 

This area includes a stretch of country which comprises the whole of Kutch, the 
whole of Kathiawad, and a portion of Northern Gujarat extending on the cast to 
the boundary of the Ahmedahad district, and the Sabarmati river with a portion 
of the Cambay State. Beyond this line the cotton rather classes with the Brna'.'h 
cotton of the more southern portions of Gujarat. 

Dholkras cotton, however, always was a term which included several quite 
distinct varieties, all, however, belonging to Gossyfiumi lierhaceum, but the com- 
plexity has been increased in relatively recent years by the gradual extension of 
what is known as Mathio cotton, which is an introduced type of Gossypimn negleotum. 
As grown at present, therefore, the commercial DJiolhras is a name which may 
include cotton of very different quality, from the very inferior Mathio, which would 
class with Khaudesh cotton, to the very high quality Wagad as grown on the one 
hand round Viramgam, and on the other in Northern and Western Kathiawad and 
Kutch. It may be stated, however, that as marketed at present about seventy-five 
per cent, of the Dhollems cotton belongs to the superior Wagad type, which is 
exclusively grown in the Wadhwan, Dhrangadra, Morvi and Kutch States, and in 
the whole of the Yiramgam Taluk of the Ahmedahad District. We may, in fact, 
look upon the Wagad type as being the essential constituent of DhoUeras, s.nd 
class the other kinds present {Lalio or Broach deshi and Mathio), as impurities 
which have crept in owing to certain circumstances of climate and soil and to 
certain commercial considerations. 

Before proceeding to a detailed consideration of tJie Wagad cotton which thus 
forms the essential constituent of the commercial DhoUeras a few ivords may be said 
as to the distribution of the other constituents. The Mathio or Khandesli cotton 
is said to have been introduced about the time of the famine of 1899 - 1900 , and at 
once became popular in certain areas, firstly because it grew and rij)ened Jiiuch 
more rapidly and hence was on the market long before the other types were 


Mniian Trade Jov,rnal, Feb, 19 and 21, 1925. 
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plucked, and waKS thus in no danger from frost ; secondly, it has a high giuniug 
percentage, and thirdly it could be mixed with the genuine types, such 

mixing gradually coming to take place on a large scale. 

It did not penetrate to an appreciable extent except in certain parts of 
the Dhandhuka and Gogha taluks of the Ahmedabad District, and the south-western 
part of Jhalawar in Kathiawad. It is unfortunate that the port which gave its name 
to DJiolhras cotton lies in the Dhandhuka taluk, and the area round this place now 
grows cotton which can hardly properly class with it at all. It should be remem- 
bered, however, that even in the pahnist days of the port, JDkolleras cotton was 
so named, not beouase it was grown round Dholhrm, hnt because this was the port 
through which it reached the market. 

The Lalio or Broach desJii and Gogkari mixture which forms the second 
constituent of the Dh Ueras cotton is found only to an important extent 
in the south-eastern corner of KathiaAvad, in the extreme southern parts of the 
Ahmedabad District, and in the Sanand and Daskroi taluks of the same district. 
The L%U ) lint is of the same general charaober as that of the Wagatl type though 
somewhat weaker, and its presence does not modify and injure the general quality 
of the Dholleras as does the presence of Mathio. 


II. WAGAD COTTON. 

1. Histoby op Wagad cotton. 

Waged cotton takes its name either from a tract known as Wagad in Kutoh 
or from a group of villages with this name in the Dhandhuka taluk of Ahmedabad. 
Whether either of these represents the locality where it Avas originally groAvn, or 
whether it was introduced there first from Mesopotamia or Turkey, cannot be said 
with certainty. But it is certain that a type oi Gossypium herbaceum, which very 
closely resembles the Wagad cotton, is noAv groAAm in Turkey and in Turkestan and 
is also stated to occur in Mesopotamia. One name of the variety, particularly in 
Kathiawad, is SaJcalio, and this recalls the fact that the best quality of this kind 
of cotton is grown in the Sakaria valley in Turkey in Asia.^ As groAvn there it has 
a staple of inch and has a good colour. An equally probable, or even more pro- 
probable, explanation of the term SaJcalio is, hoAA'ever, that it means the cotton 
reaped with Kalas or pods, instead of that in which the seed cotton is itself taken 
from the plant. 

We have recently been favoured with some notes on the Wagad cotton as groAAm 
in Asiatic Turkey’'^, and of these AA^e may quote the fact that the cotton is sown in or 
before April, and is reaped from the middle of October onAvard. In certain moun- 


^ Manchester Guardian Commereial, Feb, 12, 1925. 

® By the kindness of Mr. N. Husni of Manchester through Dr, H. H. Maun. 
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tainoiis district in Asia Minor early frost does ap])ear, but tliis cotton is liardy 
enougb to resist it, whereas cotton from American seed unless .maturing very 
early does badly on this account. 

As regards the Wagad cotton said to be grown in Mesopotamia the author 
received seed, from Ahwaz and Shiraz said to be of this type. A\’']i.o.n grow.u, h()^vcver, 
it showed few, if any, of the peculiarities of Wagad cotton, and in its juost cliarac" 
teiistic feature, the non-opening of the bolls, it behaved in an entir(3ly di.lT(,‘rent 
manner. The staple was also inferior to the usual Wagad cotton though, its " feel ” 
was better. The plants seemed, in fact, more like a variety of Gofisyjnmn wdiouM. 

2. Characteristics of Wagad cotton. 

Wagad cotton (Wagadia, Dhumad, SaJcalio, Dahalio) is a small branched bush, 
usually standing eighteen to tliirty inches high under norma,! cnitivators' field condi- 
tions, and is much less hairy than Broach deshi. The 3 mung stems, petioles, etc., 
are thickly covered with simple hairs. Stellate hairs are numerous on the young 
leaves and few on the older leaves which are almost glabrous and have a shining oily 
appearance. The leaves are three to five lobed, cordate, half segmented or les,s. The 
lobes are ovate to broad ovate constricted at the base, the lobes of the lea,vcs on the 
younger branches are broad obtuse. The special characteristics of the leaves are 
(1) their oily appearance, (2) their generally broad lobing, though this character is 
not universal, and (3) their leathery character. 

The spreading habit of the bractioles is seen in all the annual cottons of 
Gujarat, but is most marked iu Wagad, wdiere they often begin to spread wGien the 
flower is opening. 

This is the earliest flowering type of Gossyjnum, herbaceuni, though the length of 
time for maturing the bolls is long. The flowers usually appear about ninety to 
one hundred days aftei* germination, but the bolls require eighty days or more 
to mature. The flowers are nearly always yellow and long, though the authors 
have isolated a white flowered type which also has short petals. 

The bolls are smooth and usually globose, though occasionally tapering bolls 
are found. They are usually three celled bolls, though four celled bolls are not 
uncommon. But the most characteristic feature of the variety is that the bolivs 
do not open when ripe, or open very slightly, and they do not fall olf, but adhere 
firmly to the plant. It is this characteristic of the bolls of Wagad cottoii which 
separates the variety and the method of dealing with the crop, from all other tyjjes. 
The bolls are, in fact, reaped iu one lot when all are ripe. The seed cotton is 
extracted by a special operation done at the convenience of the grower or merchant 
later on. Even if the bolls remain over the monsoon the contents are not a.(Tecti 3 d 
or spoilt in any way. 

The lint is dull white and coarser than Broach deshi and on the average is sbghtly 
inferior iu staple to the latter. The ginning percentage is variable but is usually 


a little liiglier tlian that Broach deshi, the trade usually expecting' to ^et 33 to 34 
. per cent. ^ ° ^ " ■ 

The seeds are usually large in size, oval in shape with a distinct hook at the top 
and are covered with fuzz. They are usually found five to eiglit per cell 

One of the features liy which Wagad cotton can be recognized is the low 
branching characi;er of the plants, and the fact that the stems rapidly become woodv, 
Ihe rnaiii stem is generally short and the number of monopodia rather less than in 
tiie oilier tyjtes ot Gos.rgpium herhaceum grown in Gu jarat, 

Froin tins it will be seen that the special features which, distinguish Wagad cotton 
irom other tyjies of Crossgpmm herbaceum are the following. Thev do not all occur 
in every case, but seviyral of them are alw^ays found, and tliey can be, as a whole 
used for recognizing this variety. ’ 

(1) The most clia,ra.cteristic feature is the fact that the bolls either do not 

o])en at all or only open slightly, when mature. 

(2) The round lobed character of the leaves with the oily appearance and 

leathery texture is a very marked and very general feature 

(3) The low branching habit of the plant, due not only to the shortness of 

the mternodes on the stem, but also to the fact that the lowest branches 
arise at a lower node than is usual in other Gujarat types of Gossypium 
herbacmm, is a very characteristic feature. The number of mono- 
podia is, however, generally less than wdth the Broach desU or Goahari 
varieties. 

(4) The bolls are characteristically globose, though this feature is not 

universal. 

(5) The seeds are generally larger than with other varieties and with a very 

marked and characteristic hook at the end (Plate III, 2). 

3, The conditions under which Wagad cotton is grown. 

^ The area where Wagad cotton is gi-own is almost entire’y an alluvial plain thoiK^h 
there are some hills in both Kiitch and Kathiawad. The alluvium in this area ?s 
however entirely of a different character from that found in Lower Gujarat' and 
described in the author’s previous memoir. Being derived from the granitic and 
gneissic rocks of Eajputana and Central India, it takes much more the character 
of a river silt, but gives the impression of having been deposited either on the edge 
of the sea or in brackish water, for, almost all over, the soil is somewhat saltish a 
feature which becomes very mhrked in Northern Kathiawad and Kutcli The 
sticky character of the black soils of Louver Gujarat is largely absent, and while 
the land is often clayey, it never becomes slimy in the same way as the soils of 
burat, 

^ The following analysis of typical Wagad cotton growing soils from two centres 
111 the tract will indicate some of the features w^hich are most characteristic. The 
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surface soil is from the surface to eight or nine inches deep, the subsoil represents 
the layer below this. The samples taken are (1) from Bavla (Dholka Taluk) in 
the southern part of the Ahmedabad District, and (2) from Viramgam, a typical 
centre in the northern jiortion of the same district. The analysis of the former 
were made by Leather at Pusa, the latter by Sahasrabuddhe at Poona. 


— ' 

Surface soil 

Subsoil 

Bavla. 



Mechanical aiialysis 

Per cent. 

Percent. 

1. Sand (Partiolea over 0-032 mm. diameter) 

70-90 

52-5 

2. I’ine sand (Particles from 0-016 to 0-032 ram.) . 

13-10 

20-0 

3. Coarse silt (Particles from 0-006 to 0-016 mm.) . . . 

8-00 

15-2 

4. Medium silt (Particles from 0-004 to 0-006 mni.) . . i 

5-10 

7-9 

0 . Fine silt (Particles from 0-002 to 0-004 mm.) . . . i 

1-90 

2-0 

6. Clay (Particles under 0-002 mm.) i 

1-00 

2-4 

VlBAMQAM 



1. Coarse sand (Particles over 0-16 ram. diameter) . 

20-0 


2. Fine sand (Particles from 0-07 to 0-016 mm.) . 

11-0 


3. Coarse silt (Particles from 0 03 to 0-07 mm.) 

12-0 


4. Medium silt (Particles from 0-01 to 0-03 mm.) . 

14-9 


5. Finest sand and clay (Particles below 0 01 mm.) 

43-6 


Bavla 



Chemical a-mlysis 



Organic matter and combined water ..... 

2-48 

2-20 

Lime (OaO) 

1-18 

0-94 

Available potash (K.,0) 

0040 

0-040 

Available phosphoric acid (P^Os) 

0-144 

0-0032 


Despite a different basis for classifying the soil particles, the mechanical analysis 
well illustrates the extremes which are found in the alluvial cotton growir.g soil 
in this area. The Bavla soils represent very sandy land, but one where both Wagad 
and Lalio cotton are very successful ; the Viramgam soil is from a heavy clay tract, 
but one where Wagad cotton only is equally successful. From the chemical point 
of view the soil contains a fair proportion of lime, and the available potash and 
phosphoric acid (determined by Dyer’s method) show a soil well provided with these 
constituents. The organic matter is low, as is always the case in these oemi-iirid 
regions. 

The authors are not able to present analysis showing the amount of salt in these 
soils, but the following figures of the amount of salt contained in well water from a 
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well twenty-five deep at Viraiiigam sliow something of the brackish character of the 
land from which it is derived. 

Viramgaiu well water 
Parts ]M‘r 100,0(KJ. 


Uausium eiirbouat<3 . . . . . . . . . . 20-0 

Magriesiuni earboiiate . . . . . . . . . :{4-0 

Maenesiiuii .sulphate . . . . . . . . . 38-0 

Magnesium (ihloritie . . . . . . . . . 15b0 

Sodium earbcniato . . . . ... , . . 

SodinHr.suIphate . , . . . . . . . . Sli-O 

SotUum cdiloride . . . , . . . . . , 41)'0 

Total soluble salts 270-0 


The characteristic soil for Wagad cotton is then an alluvial silt of a heavy 
or light character, with a fair content of lime and which is distinctly salty. 

Rainfall m the Wagad cotton area. The climate is also characteristic and 
represents as a whole the most dry tract in India where cotton is habitually grown 
without irrigation. This is especially the case in North and West Kathiawad and 
Kutch. The actual average rainfall for five t3rpical stations in the Wagad cotton 
area is shown below : — 



Viramgam 
(N. Ahme- 
dabad) 

Dhollca 
(S. Ahme- 
dabad) 

Morvi 
(N. Kathia- 
wad) 

Porlundei- 
(W. Kathia- 
wad) 

Biiuj 

(Kutch) 





inches 

inches 

inches 

inche.s 

inches 

January 




0-04 

0 05 

0-02 

0-05 

0-07 

February 




0-11 

0-13 

0-09 

0-lG 

0-15 

March . 




O-OS 

0-04 

0-07 

0-09 

0-10 

April . 




001 

0-02 

0-00 

0-00 

O-OB 

May . 




0-50 

0-47 

0-13 

0-07 

0-09 

June . 




3-23 

4-01 

2-72 

4-41 

1-52 

July . 




10-81 

12-34 

9-78 

1 

7*62 

6-13 

August 




G-48 

7-07 

5-51 

4-46 

3-16 

September 




3-70 

5-06 

2-20 

2*16 

1-77 

October 




0-41 

0-67 

0-51 

0-23 

0-64 

November 




0-22 

0-23 

0-11 

0-38 

0-08 

December 




0-03 

0-03 

002 

0-G6 

0-04 



ToTAt 


25-62 

30-12 

21-16 

19-63 

13-72 

Total {June to October) 


25-31 

29-23 

20-72 

18-88 

IS-ll 
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Tile general features are obvious. The rainfall is for all practical purposes limited 
to tire months from June to October, and as one proceeds to tJio west the actual 
quantity received rapidly goes down. The rainfall in Blmj, the centre of Kutch, is 
about the limit for the successful growth of cotton witliout irrigation. 

These average figures (for periods which vary from thirty to fifty years) are 
important, but do not represent the whole of the case. The question of the extent 
of variation from year to year is equally important, and we have figures which show 
this for fifty years in two typical centres in the Ahmcdabad District where Wagad 
cotton is grown. 


Ranges of total rainfall 

VniAMGAM 

Dmolka 

Niiniber of years 

Number of years 

Below 11 inches . 








6 

3 

1 1 to 14 inches . 








1 

2 

H „ 17 „ 








2 

3 

17 20 „ 








3 

0 

20 23 „ 








4 

3 

23 26 „ 








6 

3 

26 29 ,, 








13 

9 

Over 29 „ 








16 

27 






Total 


60 

50 


Now when the rainfall is below 14 inches in the. Aiiiuedabad District, tlie experi- 
ence has been that the official records show always a crop below 50 per cent, of the 
normal, and usually 33 per cent, of the normal or less. In other words, the cotton 
crop in the area in question with such a rainfall is almost a fail u re. Over this amount 
(14 inches) the crop seems to have usually enough rain to bring it normally to 
maturity, and rain of over 20 inches does not seein to be required provided the dis- 
tribution is satisfactory. 

The distribution has, however, varied very much, atul the following table gives 
some idea as to the extent of such variation inontli by month. 


Number of occur r ernes 


R,ange of montlily 
" rainfall 

j VlRAMUAM 

j Dholka 

. 

J line 

.Inly 

AiiRiist. 

Siiijtem- 

lier 

.hmn 

, July 

Angiwt 

Sejif e.in- 
hur 

Under 4 inches . . i 

37 

10 

14 

31 1 

27 

0 

18 

27 

4 to 8 „ . . ! 

9 

7 

22 

10 

17 

8 

IT) 

IS 

8 to 12 ,, . 

4 

14 

6 

0 

: 5 

13 

, 8' ' 

b 

12 to 10 „ 


u 

6 

3 

■' ■ :!■" 

12 . 

7 ' 

» 

10 to 20 


■3 

2 

1 


,2' 

: ■ ■ 1, ■ '■ 

' ' a ■ 

Over 20 j, . • i 



■ ; 1 



9 

■'l' ■ 

r 1 
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Tlic frequoiit rainfall in Viramgam and Dliolka is therefore below 4 inches 
11.1 June, between S iiml 12 inches in both in July, between J .uid Sin Viramcraju'iu 
August, while in Jlliolka it is nnjst frequently under 8 inches in tliat .month' In 
September laoth. th.o j)lu..ces show a .normal rainfall of under 8 inches with a' some- 
what larger rai.Mfall in Dliolka than in Viramgam. 

Tempmiliire in the Waijad en'i-on area. The following tabic shows .for each 
month. a;t 8urat and, Ahmedsibad (1) the average maximum shade tempinature and 
(2) tlie average minimum shade tiunperature. Surat is included in order to emible 
tJic <‘.oudibLcms iimhir wliich dSfoac/i deshi cotton is best grown to be compared with 
a typical cliiiiate for cotton. ‘ 


fJ'amiary 
February 
Marcti 
April 
May 
June 
July 
A uuust 
iSepteraljer 
October 
Novoiiiber 
December 


kSi,'.u,VT {Broach deshi cotton) 


AmilJDABAT) {Vt aguil cottok) 


Average 
maximum 
shade tempera- 
ture 


SO -6 
SS-3 
95-7 
99-3 

90- 9 

93- 0 
87 4 
8(>-7 
8S-7 

94- 0 

91- 8 
87-S 


Average 
miniinuttj 
shade tempera- 
ture " 

“F 


S7-7 

.79-4 

09-3 

734 

7S-7 

79-5 

784 

79-9 

71-9 

94-0 

u9-0 


Average 
maximum 
shade tempera- 
ture 


84-9 

87-7 

96- 9 
HM-2 
1074: 
101 •;} 

934 

90-0 

92-9 

97- 3 
92 -S 
894 


Average 
minimum 
shade tempera- 
ture 

OF 


57-7 
m-b 
67-2 
744 
794 
SO -8 

75- .7 

76- 8 
76-0 
724 
65-5 
59-2 


The cotton is sown normally in July, and the crop is reaped in March and kpril 
^The period of most rapid devedopment of the plants is in October after the rains 
are practically over. Tliis compares very closely in point of temperature with the 
conditions at Surat, e.xcept that the maximum temperature during the early part 
of the growth, and even iipto November is higher in the Wagad cotton cr/owinu 
regions and lower during the succeeding cold weather months. The temperatures 
are very high (always over lOO'^F) before the main part of the cotton is reaped 
The mean temperature during the groAvth of the plants is higher than at Surat 
and tlian iii almost all other cotton growing centres. The mean temperatum 
during tlowermg and boll production is a little lower than at Sui-at, but still dis- 
tinctly liigiier than most other cotton growing centres. 

IlmMUi/. A oWcteristic feature of the Wagad cotton growing areas is the 
low humidity of the atmosphere during a large part of the cotton growing season’ 
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Tine actual humidity for Surat and for Ahmedabad for these months are as 
follows : — 


Montli 








I-IUMIPITY 









Surat 

Ahiriedabad 

June 








Per cent. 

73 

Per cent. 

68 

Sxily . 








78 

76 

Augnel; . 








79 

83 

SeptfMiiber 








78 1 

76 

October 








S7 

66 

November 








67 

46 

.December 








69 

' 49 


The feature of these figures is the exceeding dr}mess of the atmosphere during the 
flowering and boiling period of the cotton. In this matter it is perhaps drier than 
anywhere else where fair staple cotton ivS grown without irrigation, and it has been 
suggested that this may have something to do with the roughness of the Wagad 
cotton. The connection is, however, as yet only a matter of speculation. 

Method of growing Wagad cotton. With the soil and climatic conditions which ' 
have been described, Wagad cotton is grown in the following manner. The normal 
rotation is that of cotton and jowm {Andropogon sorghum), but bajri {Pennisetum 
tyjihoideum) is often taken instead of the latter in many parts of Kathiawad. In 
many areas, however, it has become the custom to grow Wagad cotton year after 
year for three or four years in succession, on the same land, — and only then to take 
a rotation crop of jfowr. 

The crop is sown at the first available opportunity after the breaking of the mon- 
soon, but whenever there is difficulty in obtaining a proper stand, it is sown success- 
fully as late as September. It is usually drilled in rows from fifteen to twenty-four 
inches apart by a three to four coulter drill. The seed rate is about fifteen pounds 
per acre. The general standard of cultivation and of sowing is very much lower 
than in the areas of Surat and Broach, where Broach deshi cotton is sown. Cattle 
manure is not usually available as it forms the chief fuel over most of these areas, 
but where it is available it is used almost entirely for the cotton crop. No arti- 
ficial manures are used for the crop. 

The land is hoed by a blade harrow during its early growth, and finally weed- 
ed by hand (pickaxes) in September. The crop is never thinned. 

In a normal year the crop begins to flower at the end of October, and is harvested 
at the beginning of April, the whole being taken at one pioldng. The yield which 
is expected bj?- the people is about 300 lb. of seed cotton per acre equal to about 100 
lb. of clean cotton. The cotton bolls are pulled whole, and the seed cotton extracted 
later. One hundred pounds of ripened bolls will give 70 to 75 pounds of seed cotton. 
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ni. TriE HEEirDITA-RY NATURE AND THE VARIATION OE OERTAIN 
CnAIUVCTERS IN WAGAD COTTON. 

The main results whioli have been obtained regarding the variation which occurs 
in tire cli.ara,eters of this cotton ha\'e been secured by the study of a limited number of 
strains isolated from a mixed population obtained from several localities iii the 
Ahmedabad 1 istrict (Banand, Viramgam, Bavla). and in Kathiawad (Maiidal), 
They have nove been under study since 1917. 

(fi) The humbee of monopodia. 

Tin miiuber of monopodia in a plant determines in a very large measure its grow- 
ing cli.iracter. and licnce a study of the ext’Cnt of variation in this matter, and as to 
whei'her it is Janedilary or no is of great importance. lii Biomli deshi cotton one of 
the antlioi'S lias sliown' the high degree to which this chaTaeter remains constant in 
tile same sti'ain from year to year. 

Using the same criterion of the hereditary character of any feature of a strain 
which the authoi- has ]n'e\doiisly employed, namely, the constant relationship of the 
character in two or more strains in successive years, the iinmher of the monopodia 
has been determined in a series of at least one hundred plants in four different strains 
in ] 92l-2‘J, 1922-23, ! 923-24- and 1924-25. The results which follow show the mean 
value of the nnmljcr of monopodia in each strain in each year. 


Number of monopodia. 
(Mean Value). 


Strain 

1921-22 

1922-23 

1 

1923-24 

1924-26 

No. 8 . . . ... 

(i‘6 

.3-2 

3*1 

2*0 

White Flower . . . . . i 

7-3 

39 

3*5 


No. 14 

7-9 

4-5 

5-0 

5*0 



S-1 

4-3 

4-8 

3*2 


These figures show the very considerable differences in number of monopodia 
obtained b}'- growing under different conditions. The cultivation in 1921-22 was 
made at an exijerimental area near Banand, Arhioh had to be al.iaiidoned for other 
reasons ; in tlic remaining years the ])lants were grown near Viramgam on much 
h,ea\i(-'r soil. In the latter ])lace, the nuniher of monopodia has remained fairly 
constant for each strain. 

' Studies ill (.-iujarat (.'ettous. Part II. J/ew. Ikpt. An, InUa, Bot, Sur, Vo). XII, No. 5, p, 197. 
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Tlio variation in the different pare strains is also very “ 

for the three seasons at Viramgam varying from 2-9 per plant with htia i N . i 

mthintaX pure strain the number varies from year to year, and in o,ach year as 
is shown by the frequency curves of the number of monopodia on one lumdred plants 
in strain No. 11, and WTiite Bower (Bgs. land 2), the variability is coiisidci- 
aUv different in the years quoted, thus in 1923-24 the variation was partioiUailj 
Sow But the point which is clearly shown by the results given is that wherever 




Fig. 2, Number of monopodia. 
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grown and wliatever tlie conditions, tlie order in wliicli the strains stand in res} 3 ect 
to the number of monopodia is the same. The strain No. 14 has alwa-ys the most, 
and Strain No. 8 has always the fewest. The differences can very clearly be seen 
in Plate No. I. In other words as with other varieties, the character of ])ossessing 
a large or a small number of monopodial branches is heriditary. 

(6) The position op the piest prhiting branch. 

The importance of the point in a growing cotton plant where the first fruiting 
branch (synipodium) arises has been shown in the author’s previous memoir. This 
determines, in fact, the earliest flowering, and so has something at least to do with 
the earliness or lateness of a variety. But the character is exceedingly variable, and 
it is only by a close comparison of strains grown side by side, under precisely the same 
conditions, in a series of years, that the hereditary nature of the character can be 
determined. It is a character which ^^ries widely with the closeness of planting, 
wdth the dryness or w^etness of the season, as well as with the strain, w’-hilo under 
any given set of conditions it is extremely variable within a strain. 

Now the matter is of special importance wAi^Wagml cotton omng to the system 
of growing the plants, tliiclc in the rows, and often very late in the season, — for this 
means that a considerable proportion of the yield is obtained from pods growing on 
primary sympodia. It is also important because most of the early formed flowers 
in this variety are successful, w^hile there is a large proportion of shedding in the 
later formed flowers. 

For four strains the modal value of the node from which the fii’st piimaxy 
fruiting branch aiiees is as follow’s 

Position of first fruiting branch. 


(Modal Value). 


Strain 

1921-22 

1922-23 

1023-24 

1924-25 ■ 



Node number 

Node number 

Node number 

Node number 

“ 8 ” . 


12 

11 & 12 

0 & 7 

10 & 11 

“ White Flower ” 


11 

li 

7 


« 14 ” . 


13 

14 & 15 ■ 

S & 9 

15 

“12” . 


14 

13 & 14 

9 

14 & 15 


The variability in a single season w^as great, and the cooHieient of variability in 
each strain w^as over 10 in tlie first tw'O years, between 12 and 131 in 1923-24, and 
over 14 in 1924-25. But e\'en allowing for all this, it is seen that the strains whore 
the first fruiting branch arises at a higher node than the others in one year possess 
t he same character in the other years of very different character, 

b2 
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The figures show fui-ther the remarkable effect of a dry season on this character. 
The year 1923-24 was a very dry one, and in this year the first fruiting branch, a, rose 
at a very much lower node than in the other years. In this season, in fact, the plants 
approached the American tyiies in this respect, for under their own conditions tlie 
latter produce the first sympodium from the fifth or sixth node of the growth of the 
main stem, 

(c) The Shedding oe flower buds. 

In every type and variety of cotton there is a large proportion of the flower buds 
formed, whicli never produce flowers. The loss is particularly great in Gujarat where 
in Broax^i deslii cotton it has been found to vary from 58 to 72 per cent. In American 
cotton it seems to vary between 14 to 17 per cent, and in Sea Island cotton it may 
rise to from 40 to 50 per cent. Though, due to many causes such as insect attack, 
unsuitable cultivation, sudden change in the moisture content of the soil, or drying 
up of the conditions, the environment greatly influences the aniouiit of shedding, 
yet there seems, from the evidence in hand, to bo a heridita.ry character involved, 
and strains do seem to have a varying capacity to (nature the /lower buds whicli they 
foriuh This was found to be the case in various strains of Broach deslii cotton and 
the figures now to be presented show the position in typos of ^Yagad cotton. 


Percentage of flower buds forming flowers. 


Strain 

1922-23 

1923-24 

1924-2S 


Per cent. 

Per cent. 

Pei' cent. 

White Flower . . . . 

3S-8 

2(5-3 


“4” ; . ■ . , . 

37’] 

33-8 

27-2 

'‘8” * . . 

.32 -f) 

33 ’(5 

23 •« 

“ 12 ” . ... 

3S’« 

2(14 

.23 -4 

“ 1.4 . . . 

37-2 

31 ’8 

24-1 


From these figures as the}'- stand any direct connection between the pei'centage 
of success of flower buds int(.i flowers seems very slight. Tlie strain with, the gi'eatest 
success in cne year {e.g.. FTo, 12 ” in 1922-23) ])ecomes the lowest in another (c.r/., 
No, “ 12 ’ in 1.924-25). It is evident that the matter requires a closer analysis. 
Let us, therefore, take the figures for success in the early part of the season, that is 


‘ A clisuussi')!! uf the litovatuiv' on thi;i Subject will be fmmd in S'tiidiehs in Cbijavat (.'ottou;;, 
Part 11, ptiije 201. 
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to sar, during tlic first mouths of floweriug instead of during the whole season. Then 
we have the following figures ; — 

FerccMagc of flower huds fonnm^ 


In the first two years for which figures are given the success in the early part of 
the flowering season was much greater than in the latter part, but this is certainly 
not the case in 1924-25 when there was a generially very much more luxuriant growth 
of the plants. In fact, these fi.gures, no more than the last, give no evidence of the 
directly hereditary character of the shedding of flower buds in these strains. If 
it exists, it is obviously swamped by other factors which vary vddely in their 
effect from season to season. But if w^e take the proportion between the 
inthe early part of the season and that in the whole season a specific character for 
each strain seems to be somewhat clearly indicated. The figures are as follows 


Percentage of total success of floiver buds to early success {100). 



STUDIES IN GUJARA.T COTTONS, PART III 

Tills talile tlii’ows a little liglit on tlie mattei’. but docs not, by any means, clear 
it up, Tliere certainly seems a tendency for certain types to liave a large proportion 
of early success (^^Hiitc Flower, and less clearly “ 4- ” and “ 8 ”) and of others to 
have a large amount of late success among flower buds (“ 14 ”). But except in 
case of AVliite Flower where the success of the early flower buds is large m botli. 
years as compared with that in other strains, there is nof any vei-y clear indication 

in this direction. _ ^ ^ i 4 - 

In the author’s preAnoiis memoir it was showm that it we take the ratio ol tne 
number of flower buds to the number of nodes of growth in vegetative branches, this 
relationship of the reproductive to the vegetative growth of the plant seems to be 
correlated witli 'the amount of success in the flower buds formed on the plant. We 
may see now how far this is the case in the strains of W a (jad cotton now under dis- 
cussion. - 


Ratio of fow&t buds to nodes of groivtJi. 


Strain 

1922-2.8 

192?, -24 

1924-25 

White Flower ” 





0-93 

1-.59 


“ 4” . 





0-77 

1'22 

0‘97 

“ 8 ” . . 





0-91 

1-12 

0-93 

“ 12 ” , 





0-G4 

1-00 

0*04 

“14” . 





0-72 

0-99 

0-64 


Though the results are not very clear, yet they do suggest that a large amount 
of vegetative growth in the iilant tends to he connected with a low proportion of 
siiccei in the flower buds formed in the early part of the season. This does not 
apply completely in every case, but there is sufficient indication to be very sugges- 
tive, If true, it means that a strong growing type of plant is likely to be a late plant, 
and this result, if generally applicable, would be of great importance. 

The general result of this discussion is therefore that unlike what was found in 
Broach desM and other types of cotton the authors have studied, they have not been 
able to establish a direct hereditary correlation between pure strains and success of 
flower buds, for any such correlation is swamped by other, probably environmental 
factors. 

On the other hand, there is effidence of a connection in Wagad cotton (as in 
Broach deshi cotton) between vegetative luxmiancc and loss of flower buds, though 
the connection as yet is not very clear. If a vegetatively luxuriant type is neces- 
sarily a late type, as wmuld appear to follow, the result may be of considerable im- 
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portance. TIio results given, it is recogniserl, only suggest tliis, and many more 
data will be needed in order to establisli tin? point. 

One point of considerabde interest arises in connection witli tlie shedding of flower 
buds. Is tile jiropurtion of shedding atfected by the class of brancli on ^'Iiich the 
flowers are borne? The following table shows tlie records on tliis point for three 
years for five j Hire strains : — 


Percentage of mccess of f ower htids. 


Kind of liranch 

1 Strain I 
“ White 
Flower ” 

Strain 

»4 »» 

Strain 

u g „ 

Stmiri 

10 >* 

Si-rain 
“ 14 ” 


Per cent. 

Percent. 

Per cent. 

; Per cent. 

Per cent. 

I. From monopodia 

I 





1922-23 

29-8 

29-7 

21-1 

34 '7 

27*1 

1923-24 . . . , . 

19-0 

14-1 

17-0 

17-(5 

24-3 

1924-26 


10-2 

13-3 

13'G 

16-G 

II. Primary fruiting branches 






1922-23 

44-4 

42-2 

88-4 

41-S 

42-S 

1923-24 

29-0 

37-G 

37-6 

82'9 

37*7 

1924-25 


30-2 

21-5 

22-3 

214 

III. From axillary vegetative branches 






1922-23 . . . 

9-5 

31-7 

11-4 

35-0 

27*9 

1923-24 

21-3 

0-0 

0-0 

14-6 

6*9 

1924-25 


30-0 

21-2 

33-0 

36*3 


While these figures show on the whole a great proportion of success of buds 
I which develop on the primary fruiting branches, — except perhaps in the season 

' 1924-26 when there was specially luxuriant growth, when the later formed flower 

buds on the axillary vegetative branches are at least equally successful,' — yet they 
do not reveal very much constancy between the dfierent strains. Strain No. 4 
seems to be consistenth" the most successful, so far as the buds on primary fruiting 
f branches are concerned, but, generally speaidng, this further analysis of the position 


of the buds on the plant does not reveal clearly any hereditary factor, which, if it 
exists, seems swamped by seasonal conditions. 
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(f^) The SHEDDING OF FLOWERS AND YOUNG DOLLS. 

Tlie shedding of jiotential cotton producing organs is not limited to tlie flower 
buds, for there is always a considerable amount of loss of flowers and young; bolls. 
This has been studied by many workers, and has been attributed^ to root pruning ijy 
deep cnltiration, to excessive vegetative growth at the flowering jauiod, to hea vy 
rain, to severe drought, to overcrowding of the plants, to insuHicient gullination 
from whatever cause, to insect attack whether by ajihis, bollworni, or boll-weevil, to 
defective nutrition and to a number of other causes. 

But there seems to be a variable amount of shedding under perfectly uoinml 
conditions, which in many cases seems dependent on the actual strain in (.niltiva.tion. 
This was shown to he the case, -with Broach des'ld cotton in the author’s ju'cvious 
memoir {loo oil), hut to be partially masked by seasonal and enviroimientiU conditions 
at Surat. The results now to be given for Wagad cotton, seem to show even more 
clearly the presence of such a hereditary factor. 

The actual figures for the loss of flowers and bolls in four yi ars, with the pure 
strains previously noted were as follows : — ■ 


Percentage of ripe bolls to 02 WM flowers. 


Strain 

1921-22 

1922-23 

1923-24 

1924-25 


Per cent. 

Per cent 

Per cent. 

Per cent. 

“ White Flower ” . 

38-3 

34-9 

37-6 


“4”. . i 

.524' 

36-0 

41-9 

29-1 

“ 8 ” . 


40-8 

oO'O 

314 

“12” . . . . 

H4-0 

40-3 

4S-1 

314 

“14” ....... 

61>2 

.38-8 

46-6 

31 


It •null be seen that the loss is very similar in the first three years quoted to that 
in Broach deshi cotton as grown at Surat, but in 1924-25, the loss was ranch greater. 
It is interesting to find this large record of failure in a year of very vigorous vegeta- 
tive groudh. But the relative position of the strains is almost exactly the sa,me in 
the different years. In 1921-22 when (as previously described) the experiments were 
done under different conditions. Strain “ 14 ” gave a larger success than its subse- 
quent performances seem to justify, but apart from this one case, the relative posi- 
tion of the different strams is the same in each year. Thus there seems to be a here- 
ditary factor involved, but it seems a matter of importance to select for general 
cultivation a strain with high capacity of maturing its bolls. 

^ A discussion of the literature of tho suhject is given in the aiithor’s previous Areiiiuir, 
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‘^A'hile tlio qiK.-'stion of flower iiud l*oll slieddhig is under cousideratiuu it way ise 
.noted tiuit the flowers formed at different stages of the season have by no means the 
same chanee wi producing successful boils. This has already been noted with Broach 
acrid cotton grown at Surat, where it was found that the early floAcei's and the late 
tlower.s are very largely lost. Here, with Wagad cotton the ])Osition is dilferent, and 
a very Ingli. percentage of success in the early part of the flotveriiig season is found. 
Tlic fr>llowing arc the actual figures in three successive seasons fur the diff'erenti 
portions of the flowering season : — 


Perce.ntuf/c of ripe bolls to opeji floams. 


iSt-rai.u 

.S?'iT.si. llireo 
weeks of 
Jic-v.io iag 

Fou'tli week 
of iiowering 

Fi.fi ii week 
of iluwer- 
iii.g 

.Si.s.lli wi’ok 
of iiower- 

Hci eiUli 

k 

of fiuwcr 
ing > 



For cent. 

Per cent. 

I'-’ei’ cent. 

Per cent. 

Per cent. 

I. ” Wliito Flower ” 







1922-23 . 


57-4 

17*2 

14-3 

,.i 

Nil 

1923-24 . 


59-C 

38-6 

IG'9 

7-7 

11-1 

11. “4” 







1922-23 


71-0 

40-2 

21-9 

3-8 

4-1 

1923-24 . 


6G-2 

27'7 

108 

IM 

0-0 

1924-25 . 


33-4 

59-1 

55-8 

28-5 

5-i 

III. “ S ” 







1922-23 . 


85-G 

56-6 

33-2 

lo-5 

10-S 

1923-24 . 


64-8 

29-8 

21-2, i 

33-3 

0-9 

1924-25 . ’ 


95-7 


68-5. 

53-5 

10-2 

IV. “ 12 ” 







1922-23 


73-0 

52-1 

■ 23-8' 

14-5 

7-9 

1923-24 . 


72-1 

•42-0 

21-8 

2G-1 

14-3 

1924-25 . 


05 -0 


64-7 

53-3 

10-5 

L 14”' 







1922-23 


76-5 

58 -0 

24-0 

14-6 

16-9 

1923-24 . 


65-7/ 

2S-0 

9-5 

12-5 

26-3 


1024-25 


75-0 


75-0 


60-G 


Ui-0 




Kind of branch 


Strain 
“ White 
Mower ” 


Strain 

“4” 


Strain 
“8 ” 


Strain 
“ 12 ” 


Strain 
“ .14 ” 


It will be seen that, except in the year 1923-24 when the crop was very early, the 
success of the flowers to mature bolls is in every strain of this type of cotton (except 
No. 4 in 1924-25) as grown at Viramgam, much greater when borne on the primary 
fruiting branches. The greater importance of flowering of this type to determine the 
yield must hence be emphasised as against the conclusions for Broach dcshi cottou 
grown at Siirat. Attention may perhaps also be called to the success in certain 
strains “only No. “ 12 ” above) of the flowers borne on axillary vegetative 
branches. 

Before passing from the consideration of this question we may summarise the 
figures m to show the total loss bjr shedding of flower buds, flowers and bolls in 
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With one exception the figures show a very high percentage of success wdth early 
formed flowers, and the remarkable results between these results and those at Surat 
with Broach (hsJii cotton is worthy of very much closer study. 

The proportion of success of flow'ers on different classes of branch is shown in the 
following table: — 


Percentage of ripe bolls to open floivers. 


Per cent. 

21-0 

50-0 

20-9 

44-5 

CO-0 

35-9 

11*8 

0-0 

9-9 


Per cent. 

29- 3 
35-7 
31-5 

47-2 

61>6 

43-3 

30- 9 
444 
184 


Per cent. 

30-9 

44-6 

34-1 

45*5 

48-1 

484 

13-1 

(>•0 

13-2 


Per cent. 


21-5 

26-2 

37-3 


42-7 

444 

314 


24-7 

0-0 

13-6 


I. Prom monopodia 

1922 - 23 . 

1923 - 24 . . . . 

1924 - 23 .... 

II. Prom primary fruiting 
branches 

1922 - 23 . 

1923 - 24 . . 

1924 - 2 .'> .... 

III. From axillary vegetative 
Branoheg 

1922 - 23 . . 

1923 - 24 .... 

1924 - 26 .... 


Per cent. 


28-6 

33-9 


30*5 

39-8 


0-0 

17-6 
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strains of Wagad cotton grown in the Alimedabad District, The total percentage 
of lorss has been as follows : — 

Totalloss by shedding. 


[Percentage of bolls to flower buds.) 


Strain 

1922-23 

1923-24 

1924-25",/;,. 





Per cent. 

Per cent. 

Per cei\t. 

“ White Flnwer ” 




13-5 

10-0 


“4” . . 




134 

14-2 


“8” . 




13-3 

16-8 

' 74 ' /■■ 

“12” . 




16-6 

13-7 

74 :, , , 

“14” . 




144 

14-8 

7-6 


The total loss by shedding is, therefore, at least as high as with Broach deshi 
cotton at Surat, and in certain years like 1924-25 it is niiicli higlier and considerably 
over 90 per cent. 

(e) The shape and size op the bolls. 

It has already been stated that one of the characteristics of Wagad cotton is 
the globose boll, though this feature varies considerably. In Plate 11 are show-'n 
six types which differ distinctly in this feature, and in some cases show^ a distinctly 
tapering boll, lower row (Nos. 2 and 3). The bolls also vary much in size, some of 
the strains isolated being distinctly large boll types, while others are markedly 
smaller. 

We may take the amount of Isapas per boll, — or rather its reverse, the number 
of bolls required to furnish one pound of Icapas , — as a measure of the size of the 
boll, and this has been determined for each of four selected strains for a series of 
three years. The figures obtained are shown below : — 


"Number of bolls per pound of kapas. 
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Tims straiiiH Nos, “ 4 ” and “ 8 ” fiirnisli bolls of greater size, consistently, and 
may be t.ermcd big boiled strains. No. “ 14 ” is equally certainly a small boiled 
strain, and lias remained so tlirongkont tbe period. The relative ])ositioQ ol tlie 
strains is the same tbroughoiit, and hence this character may be. considered as 
hereditary, thoiigli the actual size of the bolls in any ])articu]ar year will t’ary witli 
the seasonal conditions. 

The size of the bolls depends, however, partly at any rate on the proportion ol 
4-celled bolls produced, and if it can be shown that the large boiled typi's contain 
consistently larger proportion, of 4-celled bolls the reason for the large*, boiling chara.ctor 
will have been, ])artly at least, cleared up. The actual propoj’tion of such 1-celled 
bolls lias been determined for the four selected strains in four successive years and 
proved to be as follows : — 

Percentage of 4-celled bolls. 


strain 

1921-23 

1922-23 

1923-24 

1924-25 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

“4” . . 

5-0 

11-0 

7-5 

8-0 

“ S ’’ 

2-0 

.S-5 

l-O 

2-0 

“ 1,2 ” 

1-0 

4-6 

1-5 

3-5 

“14” . . . . . . . 

2-0 

3-0 

0-5 

3-5 


These results are not entirely consistent, but they do show clearly, every yeai‘ 
that the typically small boiled Wagad strain (No. “ 14 ”) has always a small pro- 
portion of 4-cellecl bolls. Equally certainly the typically large boiled type No. *' 4 ” 
has always a large proportion of 4'Celled bolls. While it is not clear how far the 
largeness of the bolls is the result of the frequency of 4-celled bolls, it seems pro- 
bable that it is one of the influences w^hich determine this fea.ture, and that it is 
hereditary. 

The shape of the bolls also appears to be hereditary, but it is very ditlicult to 
get a single figure which represents the shape. Measurements have been taken 

(1) of the total length of the boll from the gland to the extreme end of the tip and 

(2) the greatest diameter of the boll. The results for the four typical strains in four 
successive years are shown in the following two tables 


I. Average length of the bolls from gland to tip. 


Straui 

1921-22 

1922-23 1 

1923-24 

1924-25 


cm. 

cm. 

cm. 

cm.. 

“4” . . 

3-1 

2-S 

2-8 

2-S 

“S” , . ' . . . .. 

2-9 

2-6 

2-7 , 

2-8 , 

“12” ■ ■. ...... . .... 

2'7 

2-5 

2-5 

2-7 


2*7. 

2‘5 

2-4,, ; 

2-U 

i 
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11. Arcmgc (limnctcr of the hoUs {M.axiriimn (liarncfer). 


• .Strain , 

1921-22 

1922-23 

1923-24 

■1924-2“) 


cm. 

crn. 

cm. 

cm. 

“4” . . 

■ ' 2-7 

2-6 

2'e 

2-7 

“ 8 ” . . . . . . . 

. 2-7 . 

2-6 

2-3 

2-7 

“12 ” .. ■ . . ■ . 

2-(3 

2-3 

.2-4 ■ 

2-f» ' 

“14” . ■ ' . . , . . 

; 2-G 

2-6 

■■ ■ 2-4 ■ ■ 

■ 2-() . 

These figures .shoAv at once how 

extremely 

globose are 

these hoiis. The boll 


index (the rdatittn of iiiaxj£n.uin diameter to length) in the jjresont variety of cotton 
is very high, amounting with the dill'erent strains in J 9*2 ■1-25 to 9d-l for strain '' 4 ” 
to 99-0 for Btrain 8 ”, to 97-8 for Strain “ ]2 ” and to 99-G for strain 14.’’ This 
compares with the following figures (for 192J-22 only) for difl'ereiit strains of Broach 
deshi cotton : — 


Straiii ■ 

Avc-rage Icnigth 
of bolls from 
gland to tip 

Average diamclor 
of tlie bolls 
(maximnm 
diametor) 

Boll index 

“ B. 1 ” . 



2-9 

2-4 

82-7 

“ C. 1 ” . 



S-0 

2-4 

80-0 

“ Selec'liun 11 ” 



:m 

2-{i 

83-9 

“ 1 A nvlimhiral boll ’’ 



31 


80-7 

“ 1027 A. L. F.” 



3-4 . ;| 

2*0 

70-4 


The Warjad strain iShn 4 above is very nijirked (.m atamnnt of its possession of 
a longer tip (Plate 11). and this is so distinct that since the introduction of these 
strains into cultivation it has IxMxnm^ a recognised rhai-actiu\ as indicating a high 
staple cottem. There is no evidence, however, at presemt of any general correlation 
between the length of the tii) and the ,sf;!.})le of the cotton in Wagad tvjies. 

Attention may be cahf'd to the faof. that while globose bolls are fairly eha.rac- 
teristic of Wagad (‘ottoiis. t;i])ering hoiis do occur, :ind two of tiii-se are illusinited, 
(Nos. 2 amt 2) in Pla-te !]. .Pig. !, .Lov/er io\v. 

(/) PuOf’ORTiOK OF nof.LS .nOilNr: on PTnUAJiy FLO\YEmNO TUi.VKCHKS. 

.in a former memoir on ;,oghari cotton, the author has shown that the faculty 
of bearing a large proportion of the crop on the primary fruiting branches is here- 
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examination, th“; ob Wd in 

■u^ums ODT-dinecl in these successive years are as follows ;— 


Projiorkon of crop on frimary fmiiing hmnclies. 



s=S~£~=5Se5 

^ (5^) Length op the seed hairs (Staple). 

of Wagad cotton in general is sliabX ^ \ been noted that the staple 

desH cotton, IwHol to ltdy ^ 

isolated, tie staple varies first from strain t *”t ^ P«re material wluoi ias been 
itseK. In maHng detelSn^onfomeZ<li r*?’ 

himdred seeds iave usually been measured all th j 1^'*™’ of one 

The measurements have al™ been Xn’at the i 

each seed except in 1924-25 when thev ivptp i ^^ase of 


Average length of seed hain 


Strain 

iyzi -22 

1922-23 

I 1023-24 

1924-25 

- 

Tip 

Middlo 

Baae 

1 Tip 

Middle 

Base 

Tip 

Middlo 

Base 

Middle 

‘ W’liite Flovver ” 
‘4 ” . 

‘ 8 ” . . 

‘ 12 ” . 

‘ 14 ” 

inni, 

' 18 

19 

17 

17 

18 

mm. 

21 

22 

21 

21 

21 

mm. 

1 19 

20 

18 

19 

19 

mm. 

17 

18 

17 

10 

t, 

mm. 

20 
i 21 

20 

20 

IS 

rarn. 

19 

20 

19 

19 

IS 

mm. 

10 

17 

16 

16 

■iO 

mm. 

20 

21 

20 

20 

20 

mm. 

IS 

20 

19 

' 18 

19 

mm. 

20 

21 

20 

19 

19 
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Tliere are tlms very wide variations from season to season in tlie staple of tlie 
cotton, produced by one and the same strain, and some strains sliow a niuoli greater 
variability than otliers. The strain No. “ 4 ” has, however, consistently stood 
above all the others, and if we take the length of the seed hairs at the middle as 
characteristic, the remainder have differed very little except in 1922-23 when 
No, “ 14 ” lost its staple more than any of the others. 

In this connection a matter of much interest was as to how far the staple varies 
in the produce of different parts of the season. This was determined by 
measuring the lint on the middle of the seed from flowers opening in different weeks 
ofthefloweringseason. Theresuitsareasfollows:-— 

Length of stajyle of cotton from middle of seed^ 


Week of flowering. 


Strain 

1 

2 

3 

4 

o 

6 

7 




mra. 

ram. 

ram. 

mm. 

mm. 

mm. 

mm. 







1922-23. 




“ White Flower ” 



22 

22 

20 

21 

20 



“ 4 ” . 



23 

24 

23 

23 

22 



“8” . . . 



21 

22 

23 

21 

21 

20 

20 

“12” 



22 

22 

21 

21 

20 

20 


“14” . . . 



20 

20 

19 

20 

19 

20 

19 







1923-24. 




“ White Flower ” 



20 

20 

20 

20 

19 



“4” 



22 

21 

22 

22 



• o 

“8” 



21 

21 

22 

22 

20 



“12” . 



19 

20 

20 

20 

19 



“14” . 



20 

20 

20 

19 

19 









1924-25. 




“ White Flower ” 










“4” 



21 

20 

21 

21 




“8” 



20 

20 

19 

19 




“ 12 ” . 



19 

19 

19 

19 

17 

IS 


“14” 



18 

19 

19 

19 

19 

18 
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From tliese figures it is clear tliat the cotton borne later in tlie season 03i tlio 
plant is inferior staple. This was also found to be the case with Broacit de.'^hi 
cotton. It is curious to find that tlic second and third week of fioweiing often, 
though not always, gives a lint of longer staple than that resulti ng froju the first 
flowers formed. 

Another point of some interest is tlie fact that the wdiite flowered type is (juite 
up to the average in staple, though below the highest. There appears thus t<j be 
no sign of the correlation, which has been noticed by Burt^ with cotton froni Gossij- 
inum negledwm, hetw^een white flower and short staple. 

(Ji) Seed weight. 

The weight of the seeds in any type of cotton is by no means constant. It is 
reduced when the ])lants, on which the seeds are liorne, are unliealtiiy, and when 
the seeds are from four celled bolls. It varies ivith the previous treatment of the 
land, whether in jjoint of cultivation or on manuring, and with the part of the seast)n 
in. which the seeds grow. But oath tailing all these causes of \’'ariation info account 
it seems clear that in Wagad cotton just as in the gogliad, and Broach defshi vai'ieties, 
there are strains with lieavy seed and strains with light seed, and that this chaiTuder 
is hereditary. 

This is clear from a consideration of the following figures of tlie average w^eight 
per seed (taken in each case from over 2,000 seeds) in six successive years in .five 
pure strains. 


Weight ‘per seed in mg. 


Strain 



1919-20' 

1920-21 ' 

1921-22 

1922-23 

1923-24 

1924-25 

“ Wliite Plo’vvor ” 



mg. 

mg. 

56 -2 

mg. 

68-0 

mg, 

66-8 

mg. 

. 68-8 

mg. 

77>1 

“4” ... , 



'64-2 

69-4 

72-2 

70-0 

73-1 

76-2 

“8”. 



72-6 

70-4 

72-2 

72-2 

74-5 

83-3 

“12” : . 




54-6 

67-6 

644) 

67-2 

78 -.3 

“14” 




60-3 

64-6 

65-0 

(16-r, 

79-9 


i Tluf crop ill the j’OiU’s 1919-20 find 1920-21 was grown at Jlroach ratlior ant of its nsunl range. 


Tlie first oliservations on these figures is that the wmight per seed is high through - 
ouf. In a year of great luxuriance, when grown under its own home conditioms 
at Viramgam, the WTiglit reaches very high figures indeed for Asiatic cotton, running 
to between 75 aud SO mg. per seed. When this is compared with the average for 
Broach deeki types (Studies in Gujarat Cottons, Part II, p. 210), wdiich runs 
betw'een GO to 70 lug. for the heavier seeded type, and wdtli tlie average for 
goghari types (Studies in Gujarat Cotton, Part I, p. 118), wdiich gives about G2 mg. 

1 B. C. Burt, The Buudelkhaad Cotton Exporiineiits, ylj/j'a lies, hul., Pvfta, Dull. Na. 12:'}. 
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i^ji* iJie heavier seeded strains, the real heaviness of these seeds will be evident* 
At the same time when grown outside its usual area (as in 1919-20 and 1920-21) the 
seed v/eight seems to be somewhat lower. 

But the relationship between the seed weight of the different strains remains 
almost similar throughout, the only serious exception being the strain No. 1 
in 1920-21, when grown outside its usual range. It is abundantly clear, in fact, 
that in spite of the seasonal and other causes of variation the production of light 
or heavy seeds is a matter of inheritance. 

The weight of seeds produced at different parts of the season varies especially 
at the end of the season, when the seed is usually light. The figures given originated 
from flowers which opened in different parts of the season. 

Seed weight. 


Week of flowering. 



86 STODlES IN GUJARAT COTTONS, FA'RT Ilf 

Tliere seems a slight, not very certain, progressive decrease in the seed weight 
iipto the fifth week, though in certain cases (No. ‘‘ k-i in and No. 1 

ill 1924-25) there is a hig fall in the fifth week. Seeds ])roduced from flower in 
the sixth week of dowering are always light. 

It will be noticed that the heavy seeded strains are also the big boiled t)'j)es. 
This is in agreement with what has been found in the Broach dcuhi variety. 


Week of flowering. 


(i) Lint INDEX AND ginning percentage. 

As has ])cen already noted, the proportion of lint to seed in Wagad cotton stands 
fairly high, and the ginning percentage of the seed cotton as tested by inarkef; 
methods in the market at Viraingam is Usually expected to be at least between 
38 and 34 per cent. But there are many strains which give much higlier than t s, 
and most of the selected types on which the present description is based do actually 
yield very much more cotton. Details cannot be given at this stage, but on the 
average of three years when grown at Viramgam the ginning outturn varies from 
34-9 per cent, with ‘‘ White Flower ” to 42-8 per cent, with strain No. 8, wdiile the 
best local mixed type of cotton (from Mandal village) gave 37 to 38 per cent. The 
highest of these figures exceed the ginning percentage obtained from the bulk even 
of goghari cotton, and are far in excess of the usual mixed types of Broach desh% grown 
in Surat or Broach. 

The ginning percentage is, however, a complex conception, and in studying 
the variety, it is better to consider the lint index, or in other words, the weight of 
lint ]'>er 100 seeds. 

The variation of the lint index in different parts of the season with pure strains 
of Wagad, cotton is shown by the following data from the bolls produced from flowers 
opening in successive weeks throughout the season. 


Lint index. 




It will be seen that as was found to be the case with the seed weight, the weight 
of lint per seed tends to decrease in the later developed bolls on the plant. This 
ib not very obvious in the records of 1922-23, but is very marked in the other two 
years, included in the above figures. The first formed bolls usually also give seed 
cotton with a rather lower lint index than those formed in succeeding weeks, but 
this is not quite al^ways the case. 

The average lint index in these strains for six successive seasons was as under 


Lmt index in different seasons. 


Strain 
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It will be seen that the types of cotton with, low lint index retain this position 
throughout, and that similarly those with high lint index are also consistent in this 
respect. Hence this factor as a whole, in spite of its complex chai-acter, may be 
considered as hereditary. Where the differences are small, this hereditary feature 
may be partly masked by other factors, but in the extreme cases it is very clear. 

IV. THE CORRELATION OF CERTAIN CHARACTERS IN WAGAD COTTON. 

We have discussed in some detail the variability of some of the more important 
characters in pure strains of Wagad cotton, xin enquiry may now be made as to 
whether the development of some of these characters is correlated wdth that of 
others in existing strains. The matter is important in the breeding of useful cottons, 
as such correlations may enable us to judge of the likelihood of certain combina- 
tions of qualities being obtainable. AVliile too much stress should .not be laid upon 
them, yet the suggestions which they give cannot be ignored. 

In the present case only two such correlations have been studied, namely, that 
between seed weight and weight of lint per seed, and between seed weight and length 
of lint upon the seed. It may be stated at once that the correlation in the first 
case proves to be very high, while in the second case there appears to be little or 
no correlation whatever. 

(a) Correlation between seed iveight and weight of Imt per seed. It is well known 
that this correlation does not exist universally among all types of cotton, and that 
even where it exists it varies very much in degree. There are numerous species 
and varieties of cotton where the seeds are large and the amount of lint small and 
vice versa. But within a strain such a correlation inay occur, and if so, it will be a 
very important point in judging the varieties in the produce in different periods 
of a season or of several seasons. 

In pure Broach deshi types of cotton as isolated, the author has previously 
shown that there was a distinct positive correlation between the seed weight and 
weight of lint per seed, that is to say, as the seed weight increases so the weight 
of lint also increases though to a less extent. A similar relationship exists among 
the strains of Wagad cotton as is shown by the tables given in detail in the appen- 
dix, based in each case on the whole produce of one hundred plants in 1924-25. 

From these figures the following relationships wiU be seen to exist ; — 



Sthain No. 


.4” ! 

“8” 

“ 12 ” 

“ 14” 

Meaa .«eecl weight . . 

Mean lint weight per seed 

Correlation coefficient . . 

Probable error of correlation coefficient 

76-2 mg. 
45'9 mg. 1 
-I-0-f)44 1 
±0-040 

83-3 mg, 
64-(3 mg, 

+ 0-630 
±0-040 

78-3 mg. 
49-3 mg, 

+ 0-783 
±0-020 

79-9 mg. 
48-9 mg. 

+ 0-895 

1 ±0-013 
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Tlie correlation would seem to be higber than was found to be the case in Broach 
deshi strain, but appear,? to be significant. The characters compared {seed \Y(?ight 
and lint weight) per seed are not equally variable, the weight of lint in all cases 
varying considerably more than the seed weight. The variability of the two charac- 
ters is shown in the following table : — • 


Coefficient of mriability. 


1, Strain 

SeefI weight 

Lint weight 




. ■ ' “ 4 ” . . ■ 

9-S7±0-47 

12*94iO'G2 

' “S”: ■ 

7*91 ±0-37 i 

10*63±0*5l 

, . 1 

10*51 ±0*50 1 

! 14*31 ±0*68 

' ' “14” . . . ; 

9*84±0*47 1 

10*39±0*60 


I 


1 ^ 


(6) Correlation hekveen seed loeight and length of lint. In the author’s study of 
Broach deshi types of Gujarat cotton, it was found that there was apparently a 
relationship between the seed weight and the length of the lint in the heavy seeded 
strains, and that, at any rate, among the bolls of a single plant, the heavier the seed 
the longer was the lint likely to be. If such a relationship exists generally, it would 
be most important. But it was found not to be visible in the lighter seeded strains 
of Broach deshi cotton, and now it does not appear to exist, at any rate, between 
cotton from different plants of the strain, among the pure types of Wagad- cotton. 

The figures from which this statement is made are shown in the following table 
where the length of the staple is taken from the middle of the seed. 


Strain 

Mean ssecl 
weight 

Mean length of 
stajile 

Correlation 

coefficient 


mg. 

mg. 


“4” . 

76*2 

20*6 

-fO-24 ±0*00 

“8 ” 

83-3 

19*9 

—0*05 ±0*0 

“12” ...... 

78*3 

19*2 

+0*20 ±0*06 

“14” 

79*9 

19*2 

+0*18 ±0-06 


There is evidently no relationship whatever in these strains between the lint 
length and the seed weight of different plant®. 
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V. DESCRIPTION OF CERTAIN PURE LINE STRAINS OP WAGAB 
COTTON. 

Tlie clia.ractcTs wliicli diffexeiitiate the Wagad variety of Gossypium lierhaaeum, 
from the goglmri and from the Broach deshi varieties of the, same, species have been 
descT-il^ed in the author’s previous memoir, and also in the earlier part (p. (yi) of 
the j-)]:esent paper. But in the types which have the characteristics of Wagad 
C{)tton there are many strains which differ from one another by characters which 
are of direct or indirect economic importance, and which breed true. Iliese strains 
are, however, not merely mixed. They have crossed with one another to a very 
great extent, and few if any of a pure character now exist in cultivation. Any 
attempt to make a permanent improvement in the character of the cotton grown 
or even to fix a type which shall approach near to the ideal for the area where Wagad 
is at present grown must be commenced by the isolation of such pure strains, breed- 
ing true, which can be used as the basis for establishing types or of making crosses 
with other varieties of cotton. 

It is now proposed to describe six such pure strains which have been isolated, 
in order to indicate the range of variation which exists in Wagad cotton, and also 
the fluctuation within the strain itself. The strains were isolated from material 
obtained in the Ahmedabad area (Sanand, Viramgam, etc.) in 1917-18. The 
strains described have been in pure line culture since 1919-20, 1920-21, or 1921-22. 
The isolations were made at Broach outside the area where the variety is usually 
grown, but since 1921-22 they have been grown in its own districts. It must be 
recognised that the types described are from one area only, and hence the variation 
more particularly in drought resistance and in time of ripening, is much smaller 
than would be found if samples were collected over the whole range of the variety, 
including Kutch. Collection of types from these outlying areas is still to do, and it 
is hoped to undertake it in the next year. 

Strain “ 4.” The first of these strains to be described has been termed “ 4 ” 
and is derived from a selection originally made in 1917-18 on the basis of giving a 
large round boll, with a markedly pointed tip. The progeny of the original seed 
varied much in 1918-19. From 1919-20 plants secured from self fertilised parent 
have been uniform, and have been maintained from protected flowed. It has bred 
true since then with the following characters. 

The number of primary monopodia in this strain has been about the average 
for the variety. As in other cases, the number in 1921-22, when the plants were 
grown on a more sandy soil at Sanand was high. The results in the succeeding 
years at Viramgam represent more nearly the habit of the plant in its own region. 
The actual average number of primary monopodia recorded was as follows 

. . . . . . . . . . (Sanand) - 8-1 

Tn22-2,') , . . . . . . . . . . (Viramgam) 

1923-24 . . . . . . . . ... .„ 4.8 

p)24.2rj 





( 2 ) 

Left, Seeds of Wagad strain “ 8 ” with characteristic distinct thorn at tip as In the Wagad variety. 
Right. Seeds of Broach-deshi with almost invisible thorn at tip. 


( 1 ) 

Left. Wagad strain “ 4 ” — leaves with middle lobes broad. 

Right. Wagad strain “ 14 ” — leaves with middle lobes tapering andjdeeply sected. 



PATEL AND MANKAT) 


91 


TliP leaves liav<' brt)aclei' ln]»es tlian any otlicr strain. Plate ITT (1), 

(2) 'Hie most frecjiieiit- node from wliifdi tlie first primary fruiting hraneli arises 
has been t-ln^ l.'ftL. (counting from t-lie base in e^'ery year, except .192.‘>-2T) wben it 
was tlie 8tli (IS tbat wes a very early season. 

(;») The aviM-age measurements of the liolls in centimeters were as follows in 
four separate years. TTie figures relate to three celled bolls only - 



1021-22 

1922-23 

1023-21 

1021-20 


am. 

cm. 

am. 

cm. 

diiimotcr .... 

' 2*7 

2'<J 

2*(; 

2-7 

Lcngiii frt.m gland to tip .... 

3-1 

■ ■ 2-S. 

2-S 


Widlli of ijoli at 7 iinn. fiTnii lit) 


1-2 

M 

M 


These figures are, as stated, for three celled bolls. There is, however, in this 
strain a larger proportion of four celled bolls than in f ny other. 

The length of bolls in this case is greater than in any other of the round boiled 
types, indicating the long tip which it possesses. The bolls open on ripening a little 
more than is usual with Wagad cotton, and thus the cotton is more exposed and is 
liable to be more dirty than with other types. The opening of the bolls is peculiar 
in that the tip of the boll is distinctly visible (Plate 1, fig. 2). This charater is 
believed by the merchants to be indicative of a high staple cotton. And certainly 
(see below) the staple in this case is higher than in aiiy other of the strains. 

( 4) The average weight of each seed (average of nearly 2,000 seeds in each case) 
is as follows : — 


1910-20 . 









. 04-2 mg. 

(Broach) 

1920-21 









. .59-4 „ 

(Broach) 

1921-22 . 









. 72-2 „ 

(Sanand) 

1922-23 









. 70-0 „ 

(Viraingaiii) 

1923-24 









. 73-1 „ 

(Viraingam) 

1924-25 









. 70-2 „ 

(I'iramgam) 


Idle seeds are the heaviest among the types isolated, except in the case of No. 8. 
(5) I’he average weight of lint ].)er 100 seeds (lint index) in six successive years is 
as follows : — 


1019- 20 . . . . . . . . . . .‘pr» grm. (Broacli) 

1020- 21 . . . . . . . . . 3-4 „ (Broacli) 

1021- 22 . . . , 4-2 „ (Sanand) 

1922- 23 . . . . . . . , . . 4-S „ (ViraTiigam) 

1923- 24 . . . . . . . . . . 4-4 „ (Viraingam) 

1924- 2.'5 , , , . , , . , , . 4*6 ,j {Viramgam) 
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Where the seed weight is varying the lint index forms a better means of compari- 
son between the proportion of lint to seed in different strains and in different seasons 
than the ginning percentage. This last figure (ginning percentage) is as follows in 
the years quoted : — 


Per cent. 


1919-20 . . 


. ;i5-0 (Broacfh) 

1920-21 . . . . 


. 30-5 (Broach) 

1921-22 .... 


. 37 ’0 (tSanand) 

i922-2S .... 


. 40-9 (Viraiugaio) 

!!>2:5-21 .... 


. 37 -S (Viramgam) 

1924-25 , . . . 


. 37-0 (Viramgam) 

The ginning percentage is 

lower than in any of the other strains selected 


multiplication, but it is nevertheless higher than that of the ordinary mixed cotton 
grown round Viraingam. .> 


(6) The length of staple is the highest among the selections made, and lepre- 
sents the best that has been obtained up to the present from Wagad cotton. The 
following are the average measurements of the lint on different parts of the seed. 


, _ 

1920-21 

1921-22 

1922-23 

1923-24 

1924-25 

Lint on tip of seed .... 

Lint on middle of seed . . 

Lint on base bf seed .... 

mm. 

21 -1 
23-S 
23-2 

mm. 

18-6 

22-2 

19-8 

mm, 

17-9 

2M 

20-3 

mm. 

17-3 

20-8 

19-9 

mra. 

2b‘7 


The variation from the mean taking the first four years together (a) at the tip 
was 94 per cent, below, {h) at the middle 6-7 per cent, above and (c) at the base 
was 1*5 per cent, above the mean. 

The lint on the middle of the seed varied as follows. The variation was deter- 
mined in all years except 19‘22-23 and 1923-24 from 100 seeds, and in the two years 
named from 400 seeds : — 


— 

1920-21 

' 

1921-22 

1922-23 

1923-24 

■ 

1924-26 

Number of measurements made 

100 

100 

400 

400 

100 

Staple of below 1-7 cm. 

per cent. 

per cent. 

per cent. 
1-7 

per cent. 

per cent. 

Staple of 1-7 to 1-9 



: 6-8 

” 2-6 

1-2 

Staple of 1-9 to 2-1 „ 

*1-0 

17-0 

23-3 

23-7 

35-0 

Staple of 2-1 to 2-3 „ . . , 

! 22-0 

65-0 

50-1 

69-0 

62-6 

Staple of 2-3 to 2-5 „ . . . 

! 39-0 

25-0 

15'0 

4-2 

1-2 

Staple of .2>5 to 2-7 „ . . . 

37'0 

i 2-0 

! , 2-0 



Staple over 2-7 cm. . 

1-0 


i ■ ■ • 
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The variation is illustrated in figure 8 below : — 
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Fig. 3. Length of staple in mm. 

(7) The lint from this strain was examined by Messrs. E.. D. Tata & Co. with the 
following results 

Value of lint per candy of 784 pounds. 


Year 

Good local Waijad 
cotton from Idaudal 

Typo No. “ 4 


Rs. . . 

Rs. 

1921-22 . . . 

510 1 

520 

1922-23 . , . . . . . 

520 . 

505 

1923-24 . . . . ... 

575—580 

610 

1924-23 . . . . . . 

450 1 

! 450 


Thus in every case it is at least equal in value to the best ty|)e of local Wagad 
cotton and generally is distinctly higher, while it has a higher ginning outturn. 

Strain ‘'SJ' In the same year as the strain previously described, that now 
imder consideration was selected at Sanand. It was chosen on account of its large 
spherical boll. It has been found to be pure from 1919-20, and has been maintained 
from that year from selfed flowers. 
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(1) The plants of this strain are rather short in habit of growth, and also have 
{.he least number of primary monopodia of any of the selections. The actual 
average inimber recorded has been as follows - 

Average number of monopodia. 


1921- 22 ' . . . . . (Mi (Sauaml) 

1922- 23 . . . . li-2 (Viraiiigam) 

1923- 24 ;M (Viraiagani) 

1924- 25 . ... . . , . . . .2-5 (Viraiiigani) 


(2) The most frequent node from which the first primary fruiting branch arises 
has been the 10th to the 12th, except in 1923-24 when all types bore fruiting branches 
at a lower level than usual. In that year the node was most frequently the 6th or 
7th. 

In this strain the node is lower than in any other selection except in the “ White 
Flower ” to be afterwards described. 

The importance of these primary fruiting branches (sympodia) is greatest with 
this strain, as it bears a larger proportion of its crop on these branches than in any 
other case. 

(3) The average measurements of the bolls in centimeters was as follows in four 
separate years. The figures relate to the three celled bolls only : — 


— 

1921-22 

1922-23 

1923-24 

1924-25’ 


cm. 

cm. 

era. 

cm. 

Greatest diameter . 

2-7 

2-6 

2-5 

2-7 

Length from gland to tip . . . 

2-9 

■ 2-7 

2-6 

2-8 

Width of bull at 7 mm. from tip 

M 

1-2 

M 

1'2 


The bolls are hence large, like those of strain “ 4 ” though more round. They 
have also a w^ell marked tip, but it is not developed to such an extent as in the strain 
previously described. They open very similarly to the latter. 

(4) The average weight per seed is as follows ; — 


1919- 20 

1920- 21 

1921- 22 

1922- 23 

1923- 24 

1924- 20 


72-6 (Broach) 
70-4 (Broach) 
72-2 (Sauand) 
72-2 (V^'iraingam) 
74-5 (Viramgam) 
83’3 (Viraiogaui) 
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The seeds are the heaviest in all the selected steins and have been less affected 
by cliaiige in 'ooality than any of the others. 

The average weight of lint per 100 seeds (lint index) in six successive years is 
shown below : — 


iy]9-2() . . . . . . . , . . . o-O (Broach) 

1920- 21 ... . . . . . . . .4-8 (Broach) 

1921- 22 . . . ... . . . . .4-3 (Sanand) 

1922- 2.3 . . . . . . . , . . . (Viramgain) 

1923- 24 . . . . . , . . . . . n-3 (Viramgam) 

1924- 2.") . . jj'i") (Viranigani) 

The ginning percentage is as follows in the years quoted : — ■ 


Ginning percentage. 

Per cent. 

1919- 20 40-7 (Broach) 

1920- 21 . . 40-7 (Broach) 

1921- 22 37-2 (Sanand) 

1922- 23 ........... 44-1 (Yiramgam) 

1923- 24 41-4 (Viraingain) 

1924- 2,5 39-6 (Viraingam) 


This figure is hence very high, going over 40 per cent, ginning percentage on the 
average of six years. 

(6) The lint gave the following average measurements in different parts of the 
seeds in five successive years. 


Length of staple. 
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The lint on the middle of the seed varied as follows, as determined from 100 


measurements, in each of five successive years. 
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Avmige number of monopodia. 

1921- 22 . . . ........ iO-i (iSanuMd) 

1922- 2:) . , • ,5-2 (Viiaingeui) 

1923- 24 . . . ........ 4'8 (Viiajugarii) 

1924- 2i3 5-U (Viinniginii) 

(2) Tlie most frequent node from whioli tlie first primary fruiting Lrancli arises 
is liigli in tlie plant. In all tlie recorded years (1921-22 to 1924-25) it has always 
been between tlie 13tli and tbe 15tb node, except in 1923-24 (a very early season) 
wlien it was tbe 8tb. 

Tbe proportion of tbe crop borne on such primary fruiting branches is tbe lowest 
in all tbe selected strains ; tbe primary monopodia carry tbe largest percentage of 
bolls. Tbe number of flower buds is lower in this type in proportion to the vege- 
tative growth (in nodes) than in others. 

(8) Tbe average measurements of tbe bolls in centimeters was as follows in four 
separate years. The figures relate to three celled bolls only : — 


Measurement of Bolls. 


— 

1921-22 

1922-23 

1923-24 

i 1924-25 


em. 

em. 

era. 

eni. 

Greatest diameter ..... 

2-G 

2-5 

24 

2-0 

Length from gland to tip 

2-7 

2-5 

2-5 

2-7 

Width of boll at 7 nnn. from tip 

1-2 

1-2 

1-2 

1-2 


Tbe bolls are, therefore, distinctly smaller than those of strains “ 4 ” and “ 8 


In some years this has proved tbe highest yielding strain among tbe selections, 
and for this reason it has been maintained. 

Strain 12.” This strain was selected in 1917-18, as a type with small spherical 
bolls. It was found to be pure in 1920-21, and has been propagated since that time 
from protected flowers. (1) The plants of this type are tali in habit of growth, but 
the plants (unlike strain “ 14 ” to he afterwards described) are^not spreading, or, in 
other words, the branches are not long. The number of monopodia is high, as the 
following figures show : — 
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Tte average -weight per seed is shown in the following figures : — 


] 920.21 

1921- 22 

1922- 22 

1923- 24 
1924.2;") 


»‘g* 

544.) (JBroach) 
()7'() (Sanand) 
()4'0 ( Viramgam) 
07 -2 (Viramgam) 
78-3 (Viramgam) 


^he seeds are thus consistently light, as compared with other strains 
(^) The weight of lint per 100 seeds (lint index) has been as follows ; — 


Lint index. 

1920- 21 

1921- 22 . . . . . . . . 

1922- 23 . 

1923- 24 

1924- 20 


grm. 

3*6 (Broach) 

3*7 (Sanand) 

5*4 (Viramgam) 
4*4 (Viramgam) 
4*9 (Viramgam) 


The ginning percentage is as follows in the years quoted : — 


Ginning j)ercentage. 


Per cent. 

1920- 21 . 39-u (Broach) 

1921- 22 . . . . . . . . . . . 35*6 (Sanand) 

1922- 23 . . . 45-4 (Viramgam) 

192.3-24 . 39-9 (Viramgam) 

1924-25 . . . . 38*7 (Viramgam) 


This figure is hence very high and is only exceeded by that for strain “ 8.” 

(6) The lint gave the following average measurements in different parts of the 
seeds in five successive years : — 


— 

1920-21 

1921-22 

1922-23 

1923-24 

1 

1 1924-2.5 


cm. 

cm. 

cm. 

cm. 

i cm. 

Lint on tip of seed .... 

1-7 

1*7 

1*6 

1-6 


Lint on middle of seed . . . 

2-1 

2*1 

2-0 

2-0 

Ml 

Lint on base of seed 

■ 2-0 

1-9 

1.9 

1-8 
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The variation from the meair taking the first four years together, (a) at the t'p 
was 12 per cent, below the mean, (h) at the middle was 8 per cent, above the mean 
and (c) at the base was 2- 1 per cent above the mean. 

The length of the lint on- the middle of the seed varied as follows, as deterniiiied 
from 100 measnrerneiits in each of five successive years : — 


The variation is illustrated in 
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(7) Tlie lint from tlie strain was examined by Messrs. R. D. Tata & Co., witli 
the following results:-— 


Value of lint per candy of 784 pounds. 


Year 

Good local Iftti/arZ 
cottoii 

Type No. “ 12 ” 


■ "Es. . ' . 

Es. 

1921-22 . , . 

610 

490 

1922-23 . - 

520 

500 

1923-24 . . 

575 to 580 

590 

1924-2.5 . . . . . . 

450 

450 


This type has consistently given the highest yield of any Wagad cotton and is 
thus of great economic value. 

Strain “ 14.” This strain was another selection of 1917-18, as a type with 
small spherical bolls. It has been pure since 1921-22, and In s been propagated 
since that time from protected flowers. 

(1) The plants of this type are tall in habit of growth, with spreading primary 
monopodia and axillary branches, giving almost the appearance of a Broadli desM 
type (plate II). The leaves are more hairy than otlier tyj^es, and the leaf lobes 
are longer and more tapering than in strain ‘‘ 4.” The numlier of monopodia is high, 
the average number being as follows : — 

Average number of monopodia. 

7-f) (Ki.nand) 

i922-2:^ . 4-5 (Viramgani) 

192:J-24 .'j'O (Viranigam) 

i 924-2.') .5-0 (Viramgam) 

(2) The first primary sympodium arises at a higher node than in any other 
selection. The actual node most frequently found was the 14th or 15th in 1921 to 
1924, except in 1923, when it started much lower, at the 8th or 9th. 

(3) The average measurements of the bolls in centimeters has been as follows in 
four separate years. The figures are for three celled bolls only. 


Measurements of holh. 



1921-22 

1922-23 

1923-24 

1924-25 


cm. 

cm. 

cm. 

era. 

Greatest diameter . . . . . i 

2-6 

24i' 

2-4 

2-6 

Length from gland to tip . 

2-7 

2'5 

2-4 

2-() 

Width of boll at 7 imn. from tip 

1-2 

1-2 

1-2 

1-2 



C , - - , ^-w .,«"*** 
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1921- 22 . . . . 36-4 (Sanand) 

1922- 23 . . . , 44'7 (Viramgani) 

1923- 24 - . 40-0 (Viramgam) 

1924- 25 37-9 (Alraingam) 

The ginning outturn is thus almost as high as in strains “ 8 ” and “ 12.” 

(6) The lint gave the following average measurements in different i^arts of the 
seeds in foin’ successive years. 


The boils are very similar in size and shape, therefore, to those found in strain. 
12 ” and tiiey open very slightly on ripening and thus produce a very clean cottun. 
(4) Tlie average weight i^er seed is shown in the accompanying figures : — 

f? ■ 

Weight per seed, 

mg. 

1921- 22 , (;4'5 (Saiiiind) 

1922- 23 . . . 95-0 {VMraiiigam) 

1923- 24 . . . . . . . . , . . (ki-4 (Viramgiim) 

1924- 2r> . . , , 79-9 (Viramgam) 

The seeds correspond in weight closely wdth strain " 12 ” and are much lighter 
than in strains 4 ” and “ 8.” 

(5) The weight of lint for 100 seeds {lint index) has been as follows : — 

-p‘ 

Lmt index. . 


1921- 22 3-7 (Sanand) 

1922- 23 . . . . 5-2 (Viramgam) 

1923- 24 4*4 {Viramgam) 

1924- 25 . 4-9 (Viramgam) 

The ginning percentage was as follows in the years quoted : — 

Grinning percentage. 


— ■ 

1921-22 

1922-23 

1923-24 

1924-25 


cm. 

cm. 

cm. 

cm. 

Lint on tip of seed . . . . . 

1-S 

1-5 

1-8 


Lint on middle of seed . . . . 

2-1 

1-8 

2-0 

1-9 

Lint ou base of seed 

1-9 

; ' ■ ■1-8. . 

1-9 
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The variation from the mean, talcing the first three years together, (a) at the tip 
was 11-1 per cent, below the mean, (6) at the middle wa.s 7-5 per cent, i.foove the 
mean and (c) at the base was 1'9 per cent, above the mean. 

The length of the lint from the middle of the seed varied as follows 
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(7) Tho lint fi-oHi tJiis strain was exauiiued by 3Ie3Si‘s. R. D, Tata and Vo. 
with tlie iY);lo\waig r,- suits. 

Valtie oj Hut eundij of i 84 pouHiJs. 



Htrain White Flou-er/' Tiiis strain of If cotton about to be described lias 
been I'etained in oil- collection on account of its peculiarity in possessing a white 
flower. It is not likely to have any <iireet economic value, but in as much as 
GosAnpium herbaceura has been always described as having yellow flowers ex- 
clusively, the ocoiiiTence of such a tj^iicai strain of If cotton with white flowers 
deserves to be recorded. It is derived from one of four plants originally selected in 
1917-18. ha\ing white and small petals, white and big petals, and sulphur white 
big petals. Success was only achieved in purifjdng one of the lots with white and 
small petals and this has been maintained pure since 1920. 

(1) The i}lants of this strain have a small number of primary monopodia. The 
average number was as follows : — 


Average mimber of monopodia. 


3'.=i (Viramgam) 
3-9 (Viramgam) 


(2) The first primary sympodimii arises most frequently from about the 11th 
node, though in 1923-24 with a very early season, it arose from the 7th node, a 
change which was similar to that fomid in other strains. 

Though this strain has a small number of primary monopodia, the primary fruit- 
ing branches are not as strong as would be expected, or as they are in strain " 8.'^ 
The formation of flower buds in proportion to the vegetative growth is the HghevSt 
of any other strain, but there is a higher loss by shedding of both flower buds 
(in dry seasons specially) and flowers (in all seasons). It is suggested that this 
large loss by shedding may be due to the clustering habit of growth of flower buds 
at the end of the season. The percentage success of flow-er buds in the early part of 
the season is high. 

(3) The average measurements of the bolls in centimeters was as follows in four 
separate years. The figures relate to three celled bolls only. 
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Measurements of bolls. 



1921-22 

1 1922-23 

1923-24' 

1924-25. 


cm. 

cm. 

cm. 

cm. 

C4reate8t diameton' . . . . . . i 

: .'.2 -6 ■ ■■ 

2-5 

..2-0 

2-7 

Length of gland to tiji . . . , i 

2-7 

2 0 

2-0 

2-8 

^Vidtll of b dl at 7 mm. fi-om tip . . i 

1-1 

1-2 

M 

1-1 


4. Tlie avera,ge weight per seed is shown in the accompanying figures. 


10.Ui-2u 

li!2U-21 

1U21-22 

1022- 23 

1023- 24 

1024- 23 


Weight per seed. 


ITig. 

37 Ij (Broach) 
r)0-2 (Broach) 
OS'O (Saaiand) 
tiO'S (Vi rani gain) 
TkS-S (Vinamgam) 
77-(t (Viraiiigam) 


(5) The weight of lint per 100 seeds (lint index) has been as follows : — 


1919- 20 

1920- 21 
1021-22 

1922- 23 

1923- 24 

1924- 23 


Lint index. 


. 2-8 ^ Broach) 

. 3-2 (Broach) 

. 3-0 (Sanand) 

4'0 (Viramgam) 
34 (Viramgam) 
3'5 (Viramgam) 


The ginning percentage was as follows in the years quoted. 


1919- 20 

1920- 21 

1921- 22 

1922- 23 

1923- 24 

1924- 25 


Ginning percentage. 


Per cent. 

32 - y (Broach) 
36'0 (Broach) 
31-1 (Sanand) 
374 (Viramgam) 

33 - 2 (Viramgam) 
31-2 (Viramgam) 


This is obviously an undesirable type on account of its low ginning percentage 
and the white flower character is not correlated with high ginning percentage. 

6. The lint gave the following average measurements in diflerent parts of the 
seeds in four successive years. 
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Tile variation from tlie mean, taking tlie first tliree years togetker, {a) at tke tip 
was 10-3 per cent, below tke mean, {b) at tke middle was 7-9 per cent, above tke mean 
and (c) at tke base wns 0-9 per cent, above tke mean. 

Tk.e leiigtk of tke lint from tke middle of tke seed varied in tke manner skown in 
tke attacked table, as determined from 100 measurements in eack of four successive 
years. 


istaplc of 1*5 to 1’69 cm. 
1-7 to 1-89 „ 

„ i-9 to 2-09 „ 

„ 2-1 to 2-29 


Lint 0.0 ti[i of seed 
Lint on m'uldie of seed 
Lint on base of s.--ed 












STtJJ>lES 13>f CltiJARAT COT'i'ONB, PART 111 


(7) The linfc was examined by Messrs. E. D. Tata & Co., with the following results. 
Value of lint per Gandy of 784 pounds. 


Good local Wagad Type “ White 
cotton from Mandal Flower ” 


'{'he fool of the. cotton in this strain, is noted as particularly nice. 

This strain is maintained in the collections because of its peculiarity of bearing 
white fiowors, and because of the clustered habit of the dower buds. 

Strain “ Long boll.” This, the last strain to be described, is introduced rather 
to show the amount of variation which occurs among the general population of 
fields of Wagad cotton as grown in the Ahniedabad District. It is derived from a 
selection made in 1917-18, on the basis of its tapering long bolls. The progeny 
showed great variation in 1918-19, but from 1920-21 a constant type was seonred, 
which has been under close detailed observation since 1922-23, as produced from 
protected flowers. 

As this strain has not been found of any economic use. it has been tested on 
small plots, a few feet square planted by dibblmg at intervals of three feet in each 
direction. Thus the habit of the plant Avill not be entirely comparable with that 
of plants drilled one foot apart in rows themselves two feet apart. But it repre- 
sents one of the many types existing in the local Wagad cotton, which by themselves 
are of no economic value. 

(1) The plants are almost as bushy as strain “ 8,” and had an average of 4*2 
primary monopodia in 1922-23, 3-7 in 1923-24, and 4’6 in 1924-25. 

The most frequent node for the first fruiting primary branches was the 9th in 
1922-23, the 6th in 1923-24, and the 12th in 1924-25. 

(3) The average measurements of the bells in centimeters in 1924-25 were as 
under. 

Measurements of bolls. 

1924-26 

om. 

Greatest diameter . . 2*7 

Length from gland to tip . . . . . . . , ^ ^ 

Width of boll at 7 mm. from the tip . . . . . , , ^ 

_ It will be seen that this is not nearly so spherical as the bolls previously des- 
cribed. It represents a shape of boils which always occurs in limited auantitv 
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in local Wagad cotton as now gro’wn, cliaracterized bv greater ienatli than tlie tTihcal 
Wagad bolls. ‘ 

(4) The a^■erage weight per seed is shown in the accompanying figures. All 
Were grown at Viramgam. 

Weight f&r seed 

1922 - 23 . . . . ■ . . . . . ■ 

1923 - 2 # 

1924 - 25 . , . . . . 

The seeds are thus somewhat heavier than the average, Init not markedly so. 
(o) The weight oi lint per 100 seeds (lint index) ha.s been as follows : — 

Lint index. 

grm. 

. . . 4-8 

4-4 

. . 4-7 


1922- 23 

1923- 24 

1924- 25 


mg. 

66-8 

7 . 7-6 

70*5 



The gmning percentage in the three years quoted may also be given. All were 
grovm at Viramgam. 

Ginning percentage 

1922- 23 

1923- 24 

1924- 25 .* ! 

Thus, on the whole, ginning outturn is distinctly above that of the lower tjqDes 
like “White Flower it is distinctly below the best strains “ 8 ”, “ 12 ” and “14.” 

(6) The lint gave the following average measurements in different parts of the 
seed in the three successive years : — 


Per cent. 
41-7 
36-7 
38*8 


Length of staple. 


- 

1922-23 

1923-24 

1924-26 


cm. 

cm. 

cm. 

Lint on tip of i=eed ..... 

1-7 

l-T 


Lint on middle of .seed . . . . 

2-0 

2-1 

2-0 

Lint on base of seed .... 

2-0 

2-0 
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Further details are not available with regard to this typical example of tlie strajns 
of mediocre performance which form some part of much of the Wagad cotton now 
under cultivation in Alimedabad District, 

Comparisoyi of strahis of Wogad cotton. From the description of five strains 
(that last described is excluded in the present comparison) which have been main- 
tained as of some economic use either as such or as a basis for crossing, it will be 
seen that each has some special quality which gives it either interest or value, e 
may now summarize the commercial qualities of these ty]ies in respect to the yield 
per acre at Viramgam, the ginning percentage of the liapas, the length of the sta])le 
of the lint, and the market value of the lint. In the case of yield, the results are 
based on the season 1922-23 or 1923-24, as the results of 1924-25 were vitiated by 
an accident. In other cases, the results are based on two or on three years figures, 



Average 
length of 
staple. 
Middle 
of seed 


Value per Value of 
candy lint per 
acre 


Yield of Yield of 
Kapas per lint per 
acre acre 


Ginning 

percent- 

age 


Strain 


White Flower ” Best local 


Type from Mandal 


The climate and soil conditions in the Wagad cotton area, as described in the 
early part of the present Memoir, are so different from those prevailing in Lower 
G-ujarat, that the characteristics of the ideal plant which we are seeking ivill not 
be necessarily, by any means, the same as those, set out for that region. It is, 
therefore, necessary at least to indicate where the type of plant which we now want 
will differ from those previously described. 

It may at once be stated that here as everywhere else, the best results can only 
be obtained where a pure line of strain of cotton is used. By this means a cons- 
tancy is hiought into the cotton marketed which is of immense value. This, how- 
ever, does not now exist, and has never been even attempted, unlike what is found 
in some parts of Lower Gujarat. Further the staple and ginning percentage must 
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botli. bi? fis liigli as possi]>]e, and also tlie yielding power of the ])lant.s nnist be high 
and not lie very ^'ui'iable from year to year. 

Apart from thi-se demands which. apply everywlifire. the characters wliicli our 
investigations seem to show as necessary for the best results are : — 

] . dim vegetative growth of the plant should be vigorous, and, so far as we know 
now, those types witli the most vigorous growth will also be the best yieldens. This 
statement a[)plies equally to large monopoclial growth and to a. large develoi.)]iie.iit 
of axillary vegetative branches. 

Tills point is illustrated hy figures for three years in which for strains “White 
hdftwt'r.” “ 8,*’ and “ 12,” we can compare the vegetative growth (limbs and axii- 
laries) in rmhis and the number of flower buds--taken from twenty plants in each 
case. 


Hatio of number of flmmr buds to nodes of vegetative groiAih. 


Strain 

1922-23 

1923-24 

1924-25 

“ White flower ” . . . . 

0*93 

1*69 


“ 8 ” 

0*91 

1*12 

' 0*93 

“ 12 ” 

0*64 

1-00 

0-04 


We have already seen that the strain “ 12 ” is the heaviest yielder, and it is 
’ also (by this test) the most strong growing on the vegetative side. 

I 2. The number of fruiting branches both primary and secondary should be 

high, though a development of these branches in length is not desirable. 

3. An early flowering type is more desirable. In this respect, the kind of plant 
to be aimed at is quite different from what has been found to be the case with Broach 
f DesM strains in Lower Gujarat, There, an early flowering type was usually a low 

yielder because of the very great loss of the early buds and flowers by skedding. 
Here, among the Wagcul strains the early flowers are the most successful, and hence 
{ an early fio-wering type is to be desired. 

i 4. The bolls should be large, and should open as little as possible. The size of 

[ the bolls is an even more important matter with Wagad cottons than among those 

from which the seed cotton is removed in the field. In the Wagad variety tlie whole 
. crop is picked in one instalment late in the season. The ginning season is, there- 

fore, very short as ginning must be completed before the monsoon, unless the bolls 
» arc to be left over till next year. In this time the bolls have to be broken open 

and the seed cotton extracted. As labour is scarce, big bolls are an advantage, 
for, people will not undertake the work with the smaller boll types. 
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Further, any t}"pe which opens considerably in the field is liable to give a dirtier 
cotton, and hence the less the opening the greater the advantage. Some of our 
smaher boll strains (Nos. “ 12 ” and “ 14 ”) have the advantage in this respect, 
])iit at present the advantage is not sufficient to overcome tlie disadvantage of the 
smaller boll, 

A large part of the advantage of the big bolls would be removed if tlie opening 
of the bolls and extraction of the cotton could be done by machinery. It is under- 
stood that such machinery has been developed and is used in Asiatic Turkey for 
the Wagad cotton grown there, and if its use could be introduced it would be of 
great advantage. 
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M^AG'AD cotton. 

Uondation frequencies between seed weight and iceight of Hat per seed in milligrams. 



■\\'AC4AD “ 14 ” (98 PLANTS EXAMINED. 


WaGAD “ 12 ” (99 PLANTS examined). 







SfaDlES IN GUJARAT COTTONS, TAUT HI 

Gorrduldon frequencies between seed weight and weight of hnt per 

WaGAD “ 8 ” (99 PLANTS examined). 

” — ^ ^ ?BED WEiGvr'i’ 


Wag AD ‘'4. 
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, SUG-AK.OAKE BREEDINCI- -INDICATIONS OF INHERITANCE. 

■ ■ "BY 

■RAO SAHEB T. vS. VENKATRAMAN, B.A., 

Uthuu'ni}mil Suffarcane EAypertf Vom 

{Heceived for publication on 2iid iupst 1926.) 

I. Introduction. 

Ill ordinary ciihivatioi] the sngarcane is propagated in the vegetative way, 
that is, from cuttings oi* seZ/.s as they are popularly called. Grown in this manner 
the crop largely reseinhles the planted cuttings except in the well known case of 
vegetative bud sports. 

Siigarcanes frequently flower in the tropics : but, for a long time, it was not 
known that they produced fertile seeds. The fertility of cane seeds was first demons- 
trated in Java in the year 1887. Ever since that time, attempts are being made in 
almost every cane country to raise canes from seed with the definite ob|ect of 
producing seedlings superior to the cane varieties in cultivation. Grown from 
seed the resultant plants do not resemble one another or the parents even when 
precautions are taken against foreign pollination. Thus the ordinary type of 
pure line ’’/work with which all plant breeders are familiar, is impossible in the 
case of sugarcane and because of this, the sugarcane breeder obtains even in the 
first generation practically as many new seedling varieties as the number of 
seedlings grown. This places the breeding of sugareanes in a class by itself and 
different from that of most other crops, where, with ordinary precautions against 
foreign, pollination, the closest similarity is expected and actually found in the plants 
obtained. 

Once a superior seedling is obtained from the very large number of types, it is 
subsequently multiplied for cultivation in the vegetative way from cuttings. It 
is this possibility of further multiplication in the vegetative way that renders 
possible any imirrovement of .sugareanes through breeding ; without it the improve- 
ment obtained in a new seedling would soon he lost among the extensive variations 
in the .second generation from seed. The vegetative multiplication further preserves 
the original characters of the new seedling under cultivation for fairly long periods. 
Experience has been recorded elsewhere to the effect that new seedlings obtained 
through breeding deteriorate quicker than- the well known older varieties. This 
is not such a great disadvantage, as would at first sight appear, since in practice 
the continual production of new seedlings at the breeding stations results in the 
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eanes wliicli liave already been issued, being replaced before they liave had time to 
deteriorate a])preciably under cultivation. 

While the vide variations among the seedlings of the same ])araitage is one of 
the first experiences of the cane breeder during the earlier stages of his work, a family 
likeness among the seedlings of the same parentage soon forces itself on his atten- 
tion as the work develops. Such a likeness is quickly noticed when seedlings from 
a large number of parents are grown side by side in the field. In certain cases a 
likeness is noticed vithout being able to indicate exactly the character or group 
of characters in which the resemblance is found. 

The noticed variations are often so wide as to render seemingly unlikely any 



definite laws in the matter of inheritance in the sugarcane. A writer in the Agricul- 
tural News^ “ is of the opinion that attempts to synthesize new strains along 
Meudelian lines. , . .would be almost certain to be barren of results in the sugar- 
cane. Si milar variations are noticed in certain of the other vegetatively propagated 
crops as well, though the reason is yet obscure. In the case of the sugarcane, the 
opinion has been held in certain quarters that the wide variations result from the 
parent varieties being complex hybrids. 

n. Certain difficulties in the study of inheritance in the sugarcane. 

The study of inheritance in the sugarcane presents certain special difficulties 
resulting from the peculiarities of the plant. The more important of these are 
mentioned below : — 

(а) Special care is needed to grow canes from seed ; as already mentioned 

the usual method of propagation is from cuttings. 

(б) The occurrence of great variations among seedlings of the same parent, 

even when precautions are taken against foreign pollination. This 
throws doubt on the purity of the varieties employed. 

(c) The uncertainty in the matter of parentage of most batches of even 
artificially raised seedlings resulting from the inability to employ 
either emasculation or bagging in cane breeding operations. The 
minuteness and delicacy of the floral structures in the sugarcane 
renders emasculation both difficult and laborious ; the bagging of the 
flowers against unintended pollen has been found to exert an adverse 
influence on the seed setting of the enclosed arrow's.® 

{d) A thorough knowledge of the mode of inheritance and segregation of 
characters requires a continuous study of more than one genera- 
tion from seed ; this is often impossible in the cane, either on account 
of the non-flowering of the hybrids or the infertility of the flowers, 
when the hybrids do flower. 


1 ilfifj'i. iVews, 3rd Feby. 1912, p. 33. 

® 'S onkatraniaii T. S. Sugaroano Brooding in India — Hybridization to testing. Ami, Jovr, Judin, 
Vol. XX, Pt. 3, pp. 175-177. 
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In, spite of tiie above inliorent difficulties, howei'er, tlie rather large iiuniber 
of seedlings raised., and tbe variety of combi uatioiis employed at the Imperial 
i^ugai’cane-breediug station at Coimbatore, have yielded definite indications us to 
rile Inheriiam e of characters iu the sugarcane. It is true tliut the ifiheri taiice herein 
I'ecoT'detl lacirs the precision that has now come to be associated with similar si udies 
in the case of most other crops ; but ii^ tlie face of the; inliercnt difticiilries alneve 
mentioned, greater precision cannot reasonably be expected, Tlie indications 
of inheritance mentioned lielotv^ have been of considerable use in the breeding of 
canes in India, ; and, as suclp it has lieen thought desirable to collect together what- 
ever data har. aceuniulatcd on the subject. 

Tables of lu'sults given in support of the various statements iimde in the text 
do not repTCsont the whole of the available data ; it has been thought sufficient 
to present the tyfiical euscis alone, thus avoiding the overburdening of the tables. 

III. Characters studied. 

(1) Vigour, of growth. 

Tins is a character of importance in the cane and is one of the cMef facton, 
responsible lor the total tonnage of cane in the field. Sugarcane varieties show 
considerable differences in the general vigour of the seedlings obtained from them, 
some of the Coimbatore seedlings being rather remarkable in the vigour of growth 
shown by their progeny. 

When, therefore, it is desired to introduce vigour into a batch of seedlings which 
is otherwise satisfactory, the particular parent is crossed with varieties or seedlings 
which, it is known, do produce seedlings of marked vigour. It often happens, 
however, that the cross introduces along with the vigour certain other undesirable 
characters ; but the wide variations obtained in the resultant population some- 
times gives the desired combination, if the cross is raised on a sufficiently large scale. 

The weight of the whole plant at harvest is an index of this character and the 
improvement in vigour obtained by a suitable cross pollination is seen from the 
table below. 

Table I. 

Iy{fliie}ico (yf poJihniHv.y ]Mrei7.t the vigour of femlUmt seeiJlmgs. 


Pareiitai^e of rcodlings 

Niiiabcr of 
Roedlings 
studied 

Average 
■weight of 
seedlings at 
harvest i n lb. 




Velkix Sti'i}:ed Maim* . . . . . . . . 

B9 

52 

VeiliiixA-shyMauv . . • • 

, ■ . '67- 1 

43 

Va]]ni.'.:(riuiiaii canev.S'f/ir//. jS'jW/a/) . . . • « 

87 

103 


*j!( thi-. iiixl <al)(sr til bfe-i ‘Maim’ is a. contraetinn for ‘ Mamitiiis.’ 




sitgaeoane breeding—inbicattoks op inheritance 


])r<)(h!(‘iiig KOi'dlijigs 
-willi iiiuTlc{'d 


Asiy Mauritius and Striped Mauritius arc trujiioil eouc 
of medium vigour ; the Saeeh. sfmilmmmi liyl)ri<l pmilui os t 
vigour of growtli. 

(2) IFabit op plant. 

Some data on the inheritaiipo of I'liiw pharaoter 'vvas ifia'wailod in a previous 
publication from this station.^ (.fortain varieii{‘s prodiieo stMailingH wliidi show a 
markedly depressed habit in the (‘urlior stages of growth, whilo ihosT ftoin oiliers 
are fairly erect. Pollination with varieties of I he hirnn'r <'1ass oft mi j'esidls in the 
development of a markedly depressed habit' in tlu' ('arly stages of ilu‘ resrdtant 
seedlings {PI. 1 Figs. 3. and 2). 

(3) TlLlElllNG. 

The tillering character of a variety, on wliicdi dejamchs t he total iimnber <!.f canes 
produced, varies in different varieties. The Indian (‘uries ami er rtnin of the Coim- 
batore seedlings possess a larger number of tillers than the trop/(‘ji.l caries ; seedlings 
from the former class show a relatively larger luiniluM' of tillers {Ta])le 11). Tfihle 
III illustrates the influence of the polliiiating parent. 


Table IL 

The relative tUlering in seedlingn frmn tropical and htdiav cane 


Averiijro 
muti}i(»r of 
tiltsi'H jmr 
so(tcllinfj iU 

llJU'VO.Sl 


Nuinlior of 
.soiHlHajyfH 
.><111(110(1 


Variety 


Local striped (Tropical cane) 
Local red (Tropical cane) . 
Saretha (Indian cane) 


Table III. 

Influence of pollinating parent on tiller ing. 


A vtii’iiiio 
niiniljcr of 
lillors por 
.'.ei'dling at 
lllU’VP,st 


Number of 
seedlings 
sf.iidif!(i 


Parentage 


Vellaix tropical cane 
VollaixCo. 292 , 


t Vittal Rao, U. Habit in sugarcane, s, Agrl Jovr. hidia, Vol. XV, Pt. 4. p, >11 S, 








T. S, VENKATRAMAN 


Ilf; 

Co. 292 is a iiybrid ])et \veen an Indian cane and SarcJf. ^miitvnemh and }>os-.ses.-<\< 
a large luiniber nl tiiiers. 

nileiiiig ih a eharaeicr oi ijnportanee in cane and received considerable atten- 
tion at the liaim.- uf i)r. C'. A. Barber, U.I.EA Tii certain recent root studies Lv tlu* 
writer, a definite correlation has been found to exist between good tillering ami an 
early and rapid ilevelopment of the shoot roots after the germination of tlie 

setts. 

l-t has fiii-ther Inmn found tliat the early dejiressed habit in certain i anes directly, 
helps in tln‘ tillering by liringing tiie first formed shoots into close ciuitact with 
surrounding soil, thus aca-elerating the dGvelo])ment of buds fjmn these shoots. 

Jn a eane plant the tonnage of canes ai liarvest depends on tvo factors, vk,. 

1) number of tillers in, the stool and (2) weight of individual canes. In certaiji 
localities- -hke the. Northern {'ircars of the xVadras Bresidency- wliere cciidilions 
obtain, militating against the development of a deep root svstem and high winds 
prevail, it would appear desirable to secure the tonnage rather by a larger ' number 
of short canes to the stord than by a smaller number of talier canes, fndiiatioiis 
are not wanting that such tyjies could be produced bv a suitable mating of parents 
. launtuis seedling 1237 has been found useful in working to this type. 


(4) LeAE G.HARAOTEIiS. 

(a) WiM. One striking difference between tropical and Indian canes lies in 
their relative leaf widths. For cultivation in sub-tropical India, the broader 
leafed kinds have been found to lie comparatively unsuitable. Tlie narrower leafed 
torms are generally hardier and more resistant to drought and other adverse condi- 
tions. In the Punjab, where the conditions of growth are perhaps the least favour- 
able in Imlia, the .successful seedling canes have all been from tlie narrow leaf class. 
As we proceed eastwards or southwards from that province, conditions of growth 
for cane steadily improve and tlie relatively broader leafed productions from Coim- 
batore have found their mse in such tracts. 

This character was recorded by measuring the maximum leaf widths in ten 
healthy shoot.s of the plant at harvest and averaging the total* Table IV give.s 
the relative leaf widths of seedlings derived from tropical and Indian canes. Table Y 
iind 1 late II, Fig. 4 illustrate the inliueiice of the pollinating parent. 
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Table IV. 


Leaf inidfJis of seedlings from Impical and Indian caoies. 


Variety 

Number of 
Boodlings 
studied 

AVKEAGI;' HlAXXajCf.J i.J'-IAV 
wiDTir lar KS'curES of 

j Pai'ont 

Soodlings 

B. 208 . ."1 r* • ' 

217 

3-0 

2-7 

>Tropical canes ■< 

liooal striped .J L* • • 

492 

2-2 

2-3 

fiaretha (Indian cane) 

132 

1-0 

M 


! j 1 1 Table V, 



hijlumce of follmating farent on leaf widi'h. 


Parentage 

Number of 
seedlings 

AVEEAQB MAXBItIM WIB'J’H IN 

INCHES ON 

studied 

9 parent 

d* parent 

Seedlings 

Maur. 1237 x Pansahi seedling 

92 

2-8 

2-3 

24 , 

Maur. 1237xCo. 292 . . . 

. 92 

2-8 

0-7 

' ' ■■ 1 . 2'0, 

Str. Matir. x Pansahi seedling 

90 

2-6 

. ‘ ' 2-3 

■ 2-3 

Str. Maur. x Co. 292 . . 

77 

2-6 

t)-7 

1-7 


(b) Leaf tifs. Sugarcanes sometimes show marked differences in the manner 
in wbich tips of young leaves stand out in the field (PI. II, Pig. 1). TMs 
cbaracter, tbougb easily noticed in a field, lias been found to be ratlier difficult 
for a detailed study ; tke prevailing winds often break the tips or deviate tbeni 
from their original positions. This character is sometimes very noticeable in the 
nurseries and has given indications as to the parentage of a batch of artificially 
crossed seedlings (PI. II, Pigs, 2 and 3). In the absence of such an early indication 
the seedlings would need to be grown to maturity for deciding if the intended cross 
has been effected. 

(c) Colour of leaf sheath. Cane varieties differ from one another in the colour 
of their leaf sheaths. This character is sometimes rather difficult to describe on 
account of (1) the blending of more than one colour in the same sheath, (2) tho 


X. 3. VENKAXIUMAN 


119 



presence of blotdieSj here and there, of coiouns difierent from the main colour of the 
slieatli and (3) alteration in colour with exposure. 

Ill the study of this character for inheritance the main colour of the sln-arh has 
been taken for the classification. The Indian canes hare the leaf sheaths more or 
less green ; and cross pollinations with these have been found to introdiiee 
a large parentage of green sheaths in the resultant population. 


Table VI. 


Inheritance of leaf sheath colour. 


Variety 


Leas’ sheath conotTP. op 

seedlings 

studied 

Parent 

Seedlings 

Local red (Tropical cane) 

314 

Purple. 

r91*2 per cent purple or vinous 

l_8*8 per cent green. 

1^4*0 per cent coloured other 

< than green. 
h96'0 per cent green. 

Saretlia (Indian cane) 

1,000 

Green. 


Table VII. 


Influence of ’pollinating 'parent on leaf sheath colour. 


Parentage 

Number of 


Leaf sheath 

COLOXTE OF 

studied 

$ parent 

$ parent 

Seedlings ■ : . / ‘ t 





rS8'2 per cent coloured other 

VoUai X Co. 206 

160 

Pale green . 

Other than 
green. 

<; than green. 

1 1 1 *8 per cent green. 

r50-0 per cent coloured other 

VollaixCo. 292 

101 

Do. 

Green 

< than green. s 

1 60*0 per cent green. 
r78*0 per cent other than 

P. 0. J. 213xCo.291 

86 

Pink or vinous 

Other than 
green. 

< ■ green. /v'-fs 

i 22-0 per cent green. 

C 29'0 per cent other than 

P. 0. J. 213 X Saretha 

76 

Do. 

Green 

< green. i 

I71-C per cent green. 


{d) Liguhr process. These are scarions extensions of the leaf sheath generally 
pointing and tapering towards the apex of the lamina, They may be long or short , 


I 
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hroad or narrow, tooth-like or sharp j)ointed, present <ai, or both sides, ciirYed, 
merely indhiated or altooethcr absent (iPl. Ill, Fi**-. 1 ). They a re fairly cons])ieuoiis 
and have been of use in separating out varieties wliiclt are oi]ier\vis(' alike. 

Table VIIL 


Inlteriiance. of ligidar procs.^.^. 




OllARACTKi; OF THE iJOlTLATI 

Variety 

Number of 
seedlings 
studied 


1 Tx SRnnLiNOis 


- I n PAKIONT 

% pre.soiit one 
(.)!’ ])oth sides 

% infii('ato(l or 
alisont 

^[aiirithis 9U . . . 

88 

l’ro.sont 1 mo 

side. 

95 

- 

0 reen sport .... 

1 83 

Do. 

83 

17 

Mauritius 55 .... 

71 

Indicated or 

absent. 

22-5 

77-5 


I Table IX. 

I 

\ Influence of pollinating parent on ligular process. 


|k. C'' . - ■ , 


CHARACTER OF THE LKaUAR PROCESS IN 

'k' .. Parentage.. . . .. 

Number of 
seedlings 

1 


Seedlings 

studied 

P-AK-RNT 

(5 PARENT 

% present 
one or both 
sides 

% indicated 
or absent 

H. 0. ;r.213xCo.205 

58 

Presoiii, ono 
side. 

Present botli 
sides. 

93 

7 

P. 0. ,1.213 X Co. 292 

18fi 1 

Do. . 

1 

Indicated or 
aksont. 

714 

2S-f5 


(5) Characters of the cane. 

(a) Thickness. Cane varieties vary widely in thickness ranging from less than 
half an inch to as much as over two inches. Tlie Indian canes are comparatively 
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tliiliuej: iliitii blie tropical kiiidy. In arriving at a figure for representing iJie 
ness of cane in a clunii), the following difficulties were experienced ; — 

(i) Variations in tiiickncss among the individual canes of the same (■lump. 

There is, sometimes, a considerable difference between the early and 
late formed canes, the former being generally distinctly' thinner tlian 
the latter. The varieties belonging to the Pansahi group of iiidian 
cables are very characteristic in tins respect ; 

(ii) Variations between the to^^, middle and bottom portions of the same cane, 

tlm pkice of greatest thickness varying in different varietii 

(iii) Variations between the dilierent portions of the same joint, 

on its shape ; 

(iv) Vkiriations according as the measurements are taken in. the plane of buds 

or at right angles to it. Canes whioli are oval in cross-section show 
a difference between the two measur(3ments. 

Measurements for this character wore recorded by laying together at harvest 
ail the canes .from the clump and measuring the average specimen as judged by 
the eye. 


Tabus X. 


InfiGritance of thiohicss of cane: 


Lowi! red 
3ialudai Buothan 
Saretha 


Table XL 








OF S]5i;j)LlNGS ■WITH J)I1’ FKUIC 
SIIAl’ED JOIST? 


Local red 


Local stidped 


Ashy Maur 


Practically straight . 

Do. 

'riilckcuing upwards 


Table XII. 


Inheriiunce of shape of jomt. 


(h) Um{th. Measureiuents liave been recorded on tlie leiigtli ol uiiJkiblo caiicK 
at-- liarvost, ' Combined witli liabit, this character determines the height of lh(‘ clumps 
ill a variety. It is best studied by cutting out all the canes, laying thou together 
and selecting an average specimen for measurement. 

Till very recently the typically dwarf Indian canes did not set seed, and the 
seedlings obtainetl have largely been from parents not very widely dihering from 
one another in height. Plate I, fig. 3 represents the harvest from an interesti iig set 
of crosse.s with P. 0. J. 213 as the female pari^jit. This series of crosses is of special 
interest, because P. 0. J. 213 does not produce fertile pollen of its own ; tliis rules 
out largely chances of selfed seedlings in the resultant population. The pollinating 
parent for the central bundle in the picture was Kansar, known to produce com- 
paratively short seedlings. The bundles on either side have, as pollinating parents, 

varieties in an ascending order ill height. 

(c) Shape of joint. This is a character in which cane varieties show interesting 
difference (PI. Ill, fig- ^)- The shape of joint varies according as it is viewed in the 
plane of the bud or at right angles to it ; the shapes in the accompanying tables 
were recorded with the buds towards the observer. Other things being equal, 
the shape of joint must have an effect on tonnage of cane ; a barrelled joint, for 
instance, would yield more material for crushing than a bi-concave joint for the 
same length of cane. This character is best recorded by examining together all 
the canes cut from the clump ; this rules out variations among the individual canes 
and the difierent parts of the same cane which are not uncommon. 
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Table XIIL 


Influence of jtollvnatmg parent o% sTiaipe of joint. 



No. of 

1 ShASE Off JOIIST IK 

Parentage 

seedlin’g.s | 
stvulied 1 

$ Parent 

^ Psirent 

Seedliiig.s i 

VeliaixStr. Maur. 

GB 

Practically 

straight. 

Practically 

straight. 

None of the seedlings 1 

had joints thickenhig ' 

upwards. ! 

Vella i X Ashy Ma nr. . 

120 

Do. . 

Thickening i 
upwards. 

4(t-0 per cent, of the ; 

seedlings .showed : 

joints thickening up* ' 

wards. , ■ 

P. t). J. 2i:V. Manr. fir» . 

40 

Barrelled 

Barrelled 

1 Barrelled 9G*.’i per eenl. ! 

Biconcave ;{•.■) percent. 

iVO. J. 2I3xKatha 

4i5 

Do. . 

Bieonc .1 ve , 

Banelled BO'd per cent. J 

Biconcave 20*0 per cent. i 

P. 0. J. 213;., Sarftfcha . 

95 

Do. . 

Do. 

Barrelled 74 0 per cent. [ 

Biconcave 2()'0 per cent. ; 


(d) Iwry or corhy mmlmigs. Certain varieties show on the joints long thin 
lines, grey or corky in colour, not unlike those found on ivory. Their presence and 
distribution is characteristic of certain varieties and has been of use in classifying 
varieties. 

Table XIV. 


I nil eritanee of ivori/ rnarJdngs. 


Variety 

No. 0 ^ 
seedlings 
studied 

Ivory niarking.s in parent 

pEnCENTAQ E OF SE'EDr.IKG.S 
IK WmOII IVOJiY MARK- 

IKGS ARE 


i Pre.sent 

I 

j Absent 

M'aiii'. 55 . . 

71 

Alrsent .... 

4 

96 

Maiir. 90 . • 

88 

Piftsent ; modei'ate amount . 

62 

ns 

Haretha 

SO 

Present ; abundant on root 
zone. 

90 

10 
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Injluence of pollinating parent on ivorg niarhwg,s. 


P. 0. ,1, 213xCo. 201 
P. 0. J, 213xO«. 20« . 

Green sport* solfed 
Green sport xKatha 


IVOEY MAEKTNiiS !>: 


184 Present . Absent 

67 Present . Present 

83 Occasional . Occasional . 

48 Occaaional . Present 


(c) SpUf,'i. A])reakintli.erindol a more serious nature is a 8S(X*iattMl svitli what 
are termed uplif.s. These sometimes extend inside to asnnicli as liali' tlu'. jldekness 
ui the eaue. 


Inheritance of splits , 



Table XVIL 

Infliience of pollinating parent on spUt 


PiSEOEXTAOE or SEBOLIXG 
IN WHICH SPLITS 
AEE 


$ Parfiiit (J Parent Pi'cseiit 


P. 0. a. 213 X Co. 291 . 200 Prenent . Absent 

P, 0. .1, 213 X Co. 20(i . 40 Present . Present 
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Variety 

Kaludai Boothaii . 
Green sport . 
Saretha 


Table XIX. 

Influence of fjollmoUng jiarent on circlet of linlfK. 


Table XVIII. 


Inhenkmce of circlet of liairs^ 


Peecentagt: of seedlings 

IN WHICH CmCLETS 
ARE 


Present | Absent 


Parentage 


Circlet in 


$ Parent j ^ Parent 


(f) Circlet of hairs. At the nodes and immediately beneath the bases of leaf 
sheaths certaiii. canes, chiefly the Indian kinds, show a vestiture of hairs of varying 
length, number and colour. Like some of its predecessors this character often 
varies not only in the different canes of the same clump but also in different parts of 
the same cane. It is best recorded at harvest after a bulk examination of all the 
eaiies in the clump. 


No. of 
seedlings 
studied 


P. 0. J. 213 X Katba 
P. 0. J. 213 X Kansar . 
P. 0. J. 213 X Many 55 . 
P. O. J. 213xGo. 206 . 


50 

200 

50 

200 


Indicated 

Indicated 

Indicated 

Indicated 


Present 

Present 

Absent 

Absent 


Pekcestage of seedlings 

IN WHICH CIRCLETS 
ARE 


Present j Absent 






SQG ARCANE BREEDING — INDICATIONS OP INHERITANCE 


(G) Characters op thj? Roo:r. 

rJie study of rooting is of importance in ali agricultural ciops. lire soil ard 
hence the roots constitute the chief medium through which enviromnental factors 
act on a crop ; and the character of the root system gives valuable indications as 
'o locality and conditions where a particular variety would do its best. Certain 
canes show characteristic differences in the roots (PI. Ill, Fig. 3) ; and a knowledge 
of these is often of use in deciding the places to which to distribute the canes. The 
soil excavations needed in connection with root studies are both laborious and ex- 
pensive ; and it has not been possible yet to collect sufficient data to present the in- 
heritance in the form of tables. 

(a) Depth. The tropical canes are, on the whole, characterized by a compa- 

ratively shallow root system. Tliis character appears to be largely responsible 
for the poor performance of most canes of this class under field conditions in Nor- 
thern India. Some of the Indian canes, as also Saccharmn spontmieum^ possess a 
deep root system. From the very inception of cane breeding work at Coimbatore, 
sugarcanes have frequently been crossed with spontane/um \ and the 

hybrid seedlings have shown a comparatively deeper root system apparently 
derived from the grass. Such seedlings have found their use under conditions 
of hinited soil moisture (PI. IV, Fig. 1). It has further been found that hybrid.s 
of the same variety with different parents show differences in consonance with 
the root systems of the parents employed (PI. V). 

(b) Penetration through stiff soils. Investigations recently undeitaken by the 
writer to ascertain the causes for the failure of certain canes in stiff soils have indi- 
cated a difference in the relative powers of penetration by the roots. The studies 
were made by causing the two halves of the roots from the same plant to develop 
ill two different pots, one filled with stiff' soil and the other with sand. Roots of 
tropical canes are weaker in tliis respect than those of certain Indian kinds and 

possesses this ability ill a marked degree (PI. VI). Saccha^ 
■rum spontaneum has been found to have an ap|)reciable influence on hybrids raised 
with this as one of the parents. The seedling Coimbatore 205 now popular in the 
Punjab — a cross between a tropical cane and Saccharmn spontaneum^m one example 
of this inheritance. 

(c) Resistance to ivaterlogging. Another important characteristic of Saccharmn 
spontaneum is its ability to “ endure bad soil-aeration and thus tlirive under water- 
logged conditions. The seedling Co. 205 has shown remarkable powers in this 
respect (PI. IV, Fig. 2). 

(d) OtJier characters. Other characters in which indications of inheritance have 
]>een noticed include {i) time and rapidity of root development, (ii) length of func- 

^ R. S. Hole. Some Indian forest grasses and their Oecology. /«/?. Fore-^t 3lem., Bol. Ssr., 
Yol. I, pt, ],p. 115. ^ 



grown without Irrigation at the Government Farm, Gurdaspur (Punjab), 
(raw sugar) than the local canes- 


Co- 205 grown in a ryot’s field under swamp conditions* It yields in such conditions also 
about 50 per cent, more gm (raw sugar) than the local canes* 


I 





Rool" syst'ems of Hybrid seedli 





Soils and Roof Development 
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tioiiing period of sett and shoot roots and (m) periodicity in the development of 
shoot roots. 


Table XX. 


Inheritance of juice quality. 


(7) Chaeactee oe the juice. 


The quality and quantity of juice obtained axe characters of importance as 
they have a direct influence on the quality and quantity of the finished product. 
Impure juices give rise to various difiiculties in the subsequent processes of manu- 
facture into sugar. Sugarcane hybrids with Saccharum spontaneum as one of the 
parents frequently show considerable impurities in the juice apparently derived 
from the grass. It has therefore often been found necessary to cross these again 
with canes of good juice quality for obtaining satisfactory juice in the seedlings. 

Though as many as about 50,000 analyses are now available for studying the 
inheritance of this character, the bulk of them had to be rejected as not quite com- 
parable on account of {i) difierences in methods of sampling, {ii) differences in time 
of analyses and {Hi) seasonal variations from year to year. Though there are wide 
Variations in juice quality between the individual seedlings of the same parent, 
it is found that the average quality of all the seedlings varies according to the parent 
(Table XX). When two different varieties are crossed with each other, the average 
juice quality of the hybrids is intermediate between those of the parents (Table 
XXI). 
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Juice q mdiiy ofkt/brulseedUngs . 


Veilai X Ashy iMaur. 
Vellai X 3aceli. spoat. 



Percentage oe sucrose in juice 


? Parent ^ Parent Avenige of 
seedlings 


(8) ^Susceptibility to smut. 

^ Susceptibility to “ smut ” appears to b e a group character in the Indian canes. 
Varieties of the Saretha group are very susceiitiblo, while those of the Munso 
group do not generally get it (Table XXII). 


Table XXIL 

Occurrence smut ” in the different fjroups of Indian emus. 

Oroiin No. of Viu'icties Percentage of 

^ studied in the varieties noted 

group as susceptible 


A very large number of seedlings have been raised from the canes of th p l 

group as they both flower and set seed profusely at Coi^ra “ 
aye been found to be particularly susceptible to the disease. The Ind In 

Chumee ’peknge to this group; and the Jaya hybrids with this as 01“^! 

parents have shown a distinct susceptibility. 
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P. 0. J. 213 shows about 8 per cent, smut in the fields at CoiDibatore. This 
variety is infertile in pollen. Cross pollinated with difierent varieties the hybrids 
have .shown smut in consonance with the susceptibility of the pollinating parent 
{TableXXni). 

Table XXIII. 

Influence of pollinating parent on susceptibility in seedlings. 


PeROENTAQjB 03? SMUTTED PUAlS'TS IN 


P. 0. J. 213 

' • ’ " ' 1 

Pollinating parent 

Hybrid 

seedlings 


7 

1-7 


8 

3-2 

S 

10 

3‘0 


20 

5-0 


60 j 

13'0 


Hybrids with Bacchanmi spontaneuni have been noticed to be generally not 
^ susceptible to smut. 

IV. Summary aud conclusion. 

(1) Though considerable variations are noticed in seedlings obtained from the 

1 same parent, a certain amount of family likeness among them is observed on a closer 

and wider examination. 

(2) Certain of the chief difliculties in the study of inheritance in the sugarcane 
are mentioned. 

(3) Data are presented which indicate an inheritance of characters in the sugar- 
cane. The characters studied include (a) general characters of the plant in the 
field, (6) certain morphological characters of the leaf and cane, (c) physiological and 
habit characters of the root, (d) characters of the juice, and (e) susceptibility to smut. 

(4) The indications of inheritance, though lacking in the definiteness now as- 
sociated with such studies, have yet been of value in the achievement of certain — • 
practical results, viz., the production, through hybridization, of improved seedlings 
for cultivation in sub-tropical India. 
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STUDIES IN GUJARAT COTTONS, PART lY. 


HYBPJDS BETTOEN BROAOH-DESHI AND GOGBARI 
VARIETIES OF OOSSYPimi HERBACEUM. 

BY 
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Cotton Breeder, South Gujarat 
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S. J. PATEL, B.Ag., 

Assistant to the Cotton Breeder, South Gujarat. 

(Received for publication on 9th November, 1926.) 

Ill previous Memoira^ tlie characters of the three main varieties {Broach-deshi, 
Qoghari, and Wagad) of Gossgpium herbaceum as grown in Gujarat have been des- 
cribed, and an account of a number of representative strains has been given. The 
first variety (Broach-deshi), taken generally, is characterized by a fairly long 
staple, and by a relatively low ginning percentage, while the second 
usually gives a short staple rough cotton, which possesses a high ginning percentage. 
The advantage which would accrue if the longer staple of the best strains of the 
former could be combined with the high ginning of the latter was obvious, and soon 
after pure strains had been definitely isolated, the crossing of suitable pure types 
was undertaken in 1919-20. This crossing has not only led to types with the com- 
bination of characters desired, but has provided a considerable amount of interest- 
ing material relative to their behaviour on crossing, of which it is proposed to give 
an account in the present Memoir. 

I. The material for crossing. 

The general characters of Goghari cotton given in the author’s previous Memoir 
were based on the types as grown at Broach. These differ slightly when strains 
of this cotton are grown at Surat, thirty miles further south, and with a generally 
more moist and longer season. The following description of the types used are 
from the material actually employed for crossing as grown at Surat where the work 
was done. 

^Mem. Dept. Agri. India, Bet, Ser., Vol. XI, No. 4 (1921); Vol. XII, No. 5, 1924 ; anrl Vol, 
XIV. No. 2, 1920. 
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Broach-deshi Types. Two of the pure types, isolated by the author, wcr<^ 
used as follows 

1. Typel0.7A.L.F. This type is valued not only because it has the iou^u>st 
sta]>le of any hitherto isolated from Gujarat cottons, but also bec;uiso. of fbt' silky 
character of its fibres and their creamy colour. The ])laiits of this strain art^ of 
a bushy character, but the first fruiting branch is found at a comparatively high 
node (16 to 20) on the main stem. The leaves are particularly dark green and lea- 
thery, at the beginning of the cold weather. The bolls are large and tapering, and 
the boll index * is, hence, low coiixpared with other types. It usually lies lictween 
75 and 80. 

The length of the lint varies in different years from 22|- to 29 millimeters, but 
in any year it is always higher by from 7 to 12 millimeters than the GogJiad type 
with which it is crossed. The lint index ranges from 30 to 35 milligrammes per 
100 seeds, and the ginning percentage has varied during a series of six years from 
33*5 to 37*0 per cent. 

2. Type L A, Cylindrical Boll. This strain of cotton has special valins be- 
cause of its high and constant yield, its high ginning percentage, and its good staple. 

The plants are more bushy than any other Broach-deshi strain isolated, and it 
has more marlcedly hairy leaves- The first fruiting branch is f(mnd jvractically 
at the same level as in 1027 A, L. F. — about the 16th to the 20th node on the 
main stem. The bolls are cylindrical, that is to say, they taper only slightly and 
the boll index varies from 80 to 84. 

The length of the lint varies in different years from 19| to 26^- millimeters, but 
in any year it is always higher by from 4 to 7 millimeters than the OogJmri type 
with which it is crossed. The lint index ranges from 351 to 41^ milligrammes per 
100 seeds, and the ginning percentage has varied from 37 to 39 per cent, in a series 
of six years. 

Gouhari Type. The crossing was done with one single Goghari type, which 
was chosen simply on account of its abnormally high ginning percentage, which in 
fact varies from 46 to 51 per cent. 

This Goghari type is not a very bushy strain. The primary fruiting branches 
are very vigorous ; and are borne at a very low point on the main stem, that is 
to say, at between the 14th and 17th node. The bolls are almost round with a boll- 
index of from 87 to 91. 

The length of lhe lint is very low, varying from 13-^- to 19-|, millimeters, and beuce 
the cotton is very inferior. The lint index ranges from 46 to 60 milligrammes per 
100 seeds, and the ginning percentage has varied (as already stated) from 46 to 51 
per cent. In this matter of ginning pejeentage, the figure is higher than any known 
strain of Gossypium Imhaceum. 

It will be seen from these descriptions that we have twm very markedly different 
kinds of cotton plant, and a study of the actual figures during the last six years 

The boll-index is thp ma-xinii)Hi diameter x |00 divided by the uiaximiun length of the bolls. 
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lor the types to he ctosschI reveals the fact that l.ietsT(M‘.n c^ithrvr ol the B>oarl>-M}t 
])arBnts and tiie Goghari j>are]it, t]>,ero is a sigiuih.-aiii: iiirLerenee in tliC'. roHo\vii!.e; 
characters : — " . . 

1. diie node on the main stem from Vvhich, thi5 first s\' snpodiiiin arises. 

2. Ihe number of monopodia on the main sioin. 

3. The greatest diameter of the bolls. 

4. The boll-index. 

5. The length of stapile on the middle of the seed. 

G. The lint index. 

7. The seed weight ((only ill the case of 1-A cylindricaJ lioll sMid (log- 

hari). 

8. ITie ginning percentage. 

Tl)e other' characters in which these types differ are (-c-) the evtent of opening 
of the bolls, which is very difficult to measure satisfiictorily. (o) tiie ihzKiness <ir 
nakedness of the seed surface, in which the difference is, in any casen one of degrtn?, 
but which varies from boll to boll, and (c) the Wiiy in wiiich th >. liiil. iiair.s are strong- 
ly or loosely attached to the seeds. No atiempt was made to study tfiese characters 
statistically. 

11. The characters of the hybrid plants- 

There has been much study of the results of crossing among cottons , but most 
of these have been of crosses made between different species of Qosmjpium. Thus 
the results of crossing Gossypmm barbadense (Sea Island cotton) and Gossgpvum 
Mrsutmn (Upland American) on the one hand, and Gossypium peruvianiim (UgT];*- 
tian) and Upland American have been carefullv studied. In India, we liave the 
studies by Leake^ of crosses of Gossypium negle-cHmi with Gossypiwn ayborewn and 
Gossypimn imlicum, and by Kottur’’ of a cross between Gossypium ne.glectmu and 
Gossypium herbaGCAmi (Kumpta cotton). Little is known, on the other hand, of 
the behaviour of crosses between types within the same species. Studies have, 
however, been made by Kearney'^ in Egyptian cottons and by Longfield'*’ in Sea 
Island cottons as grown in the West Indies. 

The original crosses on which the results to be described are based vnre made in 
1919-20. The male parent in each case was the Goghari E-5, tln^ female being 
the Bwach-deslii 1027 A. L. F. or I-x4.. Cylindrical Boll. vSirice 1920-21, the 
parents have been always grown side by side w-ith the various geiuirations of the 
cross. In the first generation (Fj) four dibbles from each crossed boli v’ero planted, 


^ Leake and Rain Prasad. Studies in Indian cottons. Mew. Bepl. Agri. India. JJot. Sci\> t'fd. VJ. 
No. 4(iyi4). 

Kottnr. Mem. Dept. Agri, India, Bot. Ber., Yo], /XII, No. 3 {192S). 

9 Kearney. A study of liybirds in Egyptian cotton. Amer. Nat., Vol. 52, p. 491 (1918). 

Longfield: 'Experiments with liybird cottons. Bep. Agri. Expl. Station St. Croix. 1913 .14 (HU.o) 
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and it was soon evident tliat considerably greater vigour liad resulted in tbo plants. 
This was shown in the height of the plant and in the devcloiiment of the ])raiK;hes, 
resulting in Iiigh yield. The actual figures of the yield of seed-cottoTi from one 
hundred and twenty dibbles were as follows 

YkU of m>d mot- 
ion in iL per 120 
<mbU«{3' X -3'). 

1027 A. L. F ..... 


I-A Cylindrical Eoll 
Goshari E-3 
1027 X E.5 . 

I-A X E-;j , 


13 -.2 
ll-O 
17*2 
17 -‘A 


No new^ extra-parental characters were observed in the progeny of the crosses 
and no sterility was seen. No individual plant in the second generation of the cross 
(Fg) was seen w'hich varied wifldii from the type of either parent. 


A. The node on the main stem from which the .first sympodtum a rise a. 




The importance of this vegetative character is considerable, as it determines 
in some measure the type of plant which ultimately grows. But it is manifestly 
dependent very largely on the environmental conditions of any year, and it is far 
more variable in any pure strain in one season than another. The mean figure for 
the mean node number for the three strains used as parents of the cross and the 
co-efficient of variation is shown below : — 





Mean node number of parents of th e cross. 


l-A CYrii.NDEiOAi:i 
Boll. 


Gogham .E-f). 


Mean node 
number 


Coefficient 
of variation 


Mean node 
number 


Coefficient 
of variation 


Mean node 
number 


Coefficient 
of variation 


7-6±0-3 


8-9±04 


12-9 ±0-5 


9-G±04 


9-9 ±04 


It is evident from these figures that the difierence between tlie Broach-desid 
types used as female parents and the Goghari JE-5 used as the male parent, in this 

* An irregularly germinated crop. 


1920- 21 , 

1921- 22 . 

1922- 23 . 
1928-24 . 
1924-25 . 
1926-20 . 
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LA Cy- 
lindrical 


Node number 


The mean node number in each case was in 1921-22 (for the ]3arents and the 
second generation of the cross). 


Out of the progeny, the seed from two or three planes self -fertilized were con- 
tinued in the third generation. They were selected not on account of the character, 
now under discussion, but because of their seed and fibre characters. Ihie plants 
selected had node numbers as follows: — 


Frequemi/ of each node nwnher. 


niatter is significant, a fid it is interesting to follow the behaviour of the cJiaraeter 
when they are crossed. It is emious to note the much greater variation shown 
each year by the GogJiari strain than by the others. 

Details as to the liehaviour of this character in the first generation of the cross 
was wanting, but the second generation (Fg) shows a very wide variation. 
The folloiving talile gives a frequency distribution of the progeny ifi each case, com- 
pared witli that of the parents of the crosses, so far as the node number of the first 
.synipodiurn i.s coticerned. The figures are taken for 500 plants in each case. 


1027 :< Gru 
Plant r> . 
Plant 0 . 
1 A X Gog 
Plant 1 . 
Plant 0 . 
Plant !.) . 


1027 A.L.F. . 

I'A Cylindrical boll 
Goghari II-5 . 

1027 X Goghari cross 
LA X Goghari cross 


20*4 

]9*5 

I7-4. 

17-9 

17-2 
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leir progeny ill 1922-23 gave the following distribution lor 
the ligiu’es for the parents also being given. 


Node numbers 


Frequency distribution with different typet 


1-A Ciyliadiical boll 


Goghati .E-3 


Gog bar i cross- 


1-A X Goghari cross- 


One plant out of each type of the cross was now selected for proj)agation 
next generation, the plants selected having node numbers as follows : — 


1027 L. F. X Goghari cross- 
Pjarit !} . 

Plant 6 . . . . 
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Again, the progeny of these plants gave the following distribution for 100 plants 
in each case, in the fourth generation of the cross. 

Node numbers. 


Frequmicy distribution ivitJi different types. 



11-12 

13-14 

15-16 

I7-1S i 

19-20 

1027 A. L. V. . ... . . ■ . 


7 

38 

46 

1) 

1-.A CylinclriCcal boll . . . . . . 


6 

46 

37 

11 

Goghari E-S ....... 

S 

44 

39 

12 


1027 X Goghari cross — 






Plants . . . . . . . 

O 

19 

4‘i’ 

£4 ‘ 

5 

Plant 6 ....... 


11 

64 


2 

1-A X Goghari cross — 






Plant 1 ....... 

2, 

34 

85 

9 


Plants ....... 

3 

17 

88 

21 

1 

Plant 9 

7 

27 


9 



[Similar selection of a single plant has been done for the two following genera- 
tions with results as follows 

FIFTH GENERATION. ('F,). 


A. Node number of plant selected as parent. 

1027 X Goghfiri cross — 

Plant o . . . . . . • • . • 

Plant ti . . . . 

1-A X Goghari cross— 

Plant 1 . . ... . . . 

Plants . . . . . . . . . 

Plant 6 . . . . • • • ■ • • • • 


15 

18 


16 
16 
14 
B 2 





.SIXTH GENEEATION. (E,.). 

A. Node number of plant selected as I'AREN'r, 

r'rii.ss- - 
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B. Node numbers of progeny, 

Frequmcy disirihut/ion 'with different typed. 


L.P. 

1-A Cylindrical bolt 


1-A X Gogliari cro>s — 
Plant 1 
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It will be .seeji tliat wliiic there is fiiil evidence of the hereditary nature of tiui 
character in question, it is only in the fifth and sixth generation (Fg and Fg) of 
the cross that Ave have been able to separate types, by the method adopted, wliich 
breed true, tliat is to say, which give progeny not moie mriable than the original 
parents, this has, however, been reached in all cases now, as is shown by the fol- 
lowing ihean figures in the two years, with the coefficient of variation ; — 



1924-20 

1925-21) 

•Moan 

node 

number 

Coefficient 
of variation 

Mean 

node 

miniber 

(-oellieicut 
of variation 

1027 A. L. F. . . . . . 

1(3-9 

12-9±0-5 

IffiS 

9-6±(J-4 

1-A (Jyliiulrical bull . 

n-'i 

ll-2db0-4 

17-1 

8'2±0-3 

(loghari F-o . . 

14-.A 

14-9±0-t3 

14-0 

9-9iU*4 

1027 x (TUiiliiU'i crows 





Phiuto" 

ib-s 

10-;i±0-7. 

15-7 

9-9 ±0-3 

Plant (i . . 

Kj-O 

lU-3±0-5 

10-0 

9- lib-4 

1-A X Goghari cross — 





Plant 1 , 

l(j-s 

ll)-3±0-3 

15-7 

8-5 ±0-3 

Plant f) . . . . . 

21-4 

S-4±0-4 

19-2 

7*8 ±9-.) 

Plant 9 . , , . . . 


ll-.S±0-o 

13-9 

9-UiO-3 

1 


These figures show that of the five selections made in the generation and 
continued by single plant selections in succeeding generations all have ceased splitt- 
ing and breed true by the test used. Of these 

(1) Three have the same node number as the female parent (1027 A. L. F. 

or 1-A Cylindrical Boll as the case may be) viz. (Plants 5 and 6 of the 
1027 X Goghaii cross and Plant 1 of the 1-A x Goghari cross) ; 

(2) One has the same node number as the male parent (Goghari E-5). This 

is Plant 9 of the 1-A X Goghari cross. 

(3) One gives higher values than either of the parents (Plant 5 of the 1-A X 
Goghari cross) and has done so from the fifth generation (Fg). 

The last is an interesting case, and of some importance. It shows that we are 
dealing with a complex character, and it is possible that this is one of the cases 
where the theory of cumulative factors might serve to explain the results, Fui'ther, 
as ill lower Gujarat it is rather an advantage for the first sympodial branch to be 
high (so as to leave ample chance for a satisfactory develojiment of primary mono- 
podia), it shows that the method followed is capable of leading to improved types, 
as in the case of the plant in question. 
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B. The greatest diameter of the bolls. 

The size of the bolls is important in every type of cotton, and other things !>eing 
equal, the type which has the largest boils will always be preierred. The diftorenee 
between the average of the determinations of the maxirmiin diameter ol^ the hoi s 
of the parents of the cross is significant, and is shown in various years in the lot- 
lowing table. 

Greatest diameter of the bolls. 



1027 A. L, F. 

l-A CWNonroAL 
Boll. 

(Junn. 

VKi 10-5 


Mean 

Coefficient 

1 of variation 

Mean 

C'(.)efficieiit 

of variation 

Mean 

(\ooffici(‘nl 
of variatiou 

1921-22 . 

™S"9 

.a-o±o -2 

mrn. 

2-5±0-2 

mm. 

2S4) 

a-i-AO-a 

1922.2a 

20-5 

a-a±u*a 



2 8 -5 

2-9 in-:! 

192a-24 

27-1 

2-2±ni 

25 -a 

a-o±n-2 

28-5 

2-U±0-2 

1924-25 . 

28-1 

a-5±0-2 

20-8 

a-(ji0-2 

29‘2 

a:0:bO-2 

1925-2(5 . . 

25-4 

ah±o-2 

25-2 

.T0±0-1 

274> 

2-8±0-l ■ 


Details of the behaviour of this character in the first generation of the cross 
(Fj) are wanting, but the second generation shows very wide variation. The 
following table gives a frequency in each case, compared with that of the parents 
of the crosses. The figures are given for 100 plants in each case. 



Frequency distribution with each ty>pe. 


orosa 


Diameter in mm. 

2a-24 
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TJie mean diameter in each case was, in 1921-22, for the aeneratiou. 

mill,. 

J027 A. L. F. . . . . . , . . 

]-A Fyiiudrii-a] boll . . . . . . . . . . 

(Jogliari E-5 . . . . , . . , . . . . . 

y tbi.atiari oroas . ... . , . . 

1-A Gn^liari ci’ufi.s . . . , . . . . . . . 

The distribution in the Fg generation in the frequency talkie .cnven above is 
almost a normal frequency curve (suggesting a complex cl laracter) ; the range covers 
the extremes of both parents, and there is very little overlapping between the fignre.s 
obtained with the two parents. 

Tli.e selections — two plants of the 1027 X Gogliari cross, and three ])lanls of the 
i-A X tloghari <a*oss — were treated exactly as described previously, and the be- 
haviour of single ],)lant selections in the succeeding generations is shown below, 

THIRD GENERATION (F^), 

In, this generation only the 1-Ax Gogliari cross was studied, and the figures 
for 1-A Cylindrical boll are missing. The figures obtained were, however, as 
follows 

1. Diameter of bolls of the parent plants. 

I'A X Gogliari croas — 

Plant No. 1 ... 28 

Plant No, 5 . 27 


2, Maximum boll diameter (in mm.). 

Frequency disfribution with different types. 
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Tiie otherti were not recorded. 

2. Maximum lioli diameter in mm. 


Fmpteney didribution with diffarewt typo 


FIFTH GENEKATION (Fg). 


1. Diameter oi! bolls oi the parent plants. 

1027 X Goghari cros.s — 

.Plant G . . . 


l-A X Goghari cross- 
Plant 9 . . 


The others were not recorded. 

2. Maximum boll diameter (in mni. 


Frequcncjj disiribution with different lypa 


I'A Cylindrical boll 
Gogbari E.'u . 
1027 X Goahs.Ti crost 


l-A X Gogbati cross 


PL-int 5 



23-34 

24-21 

1027 A. I,, r. . 

5 

as 

l-A Cylindrical boll . 

5 

23 

Gogliati E-o 



1027 X Gogliari cross-- I j 

Plant 6 . 

J-A >: Goghari cro3.s— • 



Plant 1 . . 


2 

Plant 9 . 

3 

12 
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We have again been able to separate types in the fifth and sixth generations 
of the cross, which breed true and whose variability seems to have reached a stable 
position. The mean values and the coefficient of variation for the tbrea final years 
are given below : — 


SIXTH GEXEEATIOX (F^). 
I. Diameter of bolls of the parent plants. 

10:27 Onphari cross — 

riant G. .... 

I -A X l.Tiighari cross — 

Plant I ..... . 

Plant o . . . ... 

Plant 9 . . . . . 


2. Maximum boll diameter fin mm 
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These figures isliow that of tlie live solectious made in the JAj, generatiou. njid 
eoiitimied by single plant selections in siiocofiding geiH^rations, foui* havo, now (unne 
to breed true, while one is still (loul:»tfiil by the test iise<l. 'Of these, 

(1) One has the same type as the I'eraale parent ( 1 -A x (loghari en^ss plant 1). 

(2) One has the same type as the male parent (1027 X (loglniri cross phiait 

'' 5 )- 

0‘i) One shows a higher value than either parent (Plant 0 of the 1027 X Oo- 
ghari cross). 

(1) Two show types intermediate between the two parents, viz., 1-A cross 
plants 5 and 9 out of which the purity of the former is still doubtful. 
It may,^ therefore, be concluded that the character und(a’ study is hereditary, 
but is, again, ^ a complex one, because of the occurrence of a segregate with a higher 
value than either parent. 

C. Shape op bolls. 

The question as to whether the shape of bolls is Inurditary, that is to say, wlnithcr 
a round boiled type of cotton or a long-boiled type gives progeny true to this flia- 
inGtcr, IS one which Im been many times studied. Tiie figure used as an indii^ation 
of shape IS the boll index, or, in other words, the relation of tin' maximum bri^adtb 
of the boll to Its length. It will be seen that a high boll index means a romid boll ; 
a low boll index means a long boll. 

Stufh-ing the shape of the bolls by the me of this boll index, Kearney' fonnd 
that m a cross between an Egyptian (l-i.na) and an Upland AnuTican (ITohlon) 
"’“i «t more than one hereditary 

eott™s^(r;i T T7'"’ “ 'MSS between two Egyptian 

tCtl e F I? ,T generation was not n,ore diable 

deiio 1 ' X and tins the shape oi the boll was not inherited as a Men- 

E “bratilf 'bn I P *“ >>7 In'i'avionr in tl.e 

raeat:,‘5:; u; h “ 

a very special interest. The actaal ligme, ft m t T’‘“® 

^ KoiUTtoy. Su-fireKaUfm and cinwlfiimri Ilf AT b V ‘ - 

V. S. A, lit- itl. Agri. Bull \ Hvi [1^2?,). " f'*! Ujiland-Etryiilian nuUDii liyliWd. 

I cotton. Aw. Nat., Vo]. 52 (lOLSl 

Urn cotton jijant in Egypt, p. Ifi2, 

McLentlou. ^^t^iidcljan inheritance in cottiv' hvhwd • • 

toM..,, ftyhiids. Ocorgm Agn. Bxpt. Sta: Bull. Ul) (1J112), 



1-A OyUNDBICAL 
BOLI, 


Gogha'm E- 


Coefficient 
of variation 


Coefficient 
of variation 


Mean 


LIBRARY. 


Coefficient of 
variation 


There is thus a very marked difference between the shape of the bolls in the 
strains crossed, and the behaviour of the cross in the following generations may be 
followed. In the first generation (Fj) measurements of the character Were not 
recorded, but in the second (Fg) generation the means and the coefficient of varia- 
tion were as follows 


Boll index — generation {l&21-22)» 


PAte AKB PAtEL 
Boll mdex. 


1027 A. L. F. 


Mean Coefficient 
of variation 

75- 0 3-0±0-3 

77-0 24±0*2 

77-0 2*ldt0*l 

79>2 1-S±0-1 

76- 5 2-5±0‘l 


1027 A. L. F. 


75-0 3>0±0-3 


1-A Cylindrical boU 
Goghari 1-5 


1027 X Goghari cross 
1-A X Goghari cross . 


The mean figures for the crossed types are very nearly the average of the parental 
values,-— though the 1027 x Goghari cross goes a little towards greater diameter. 
The coefficient of variation is, however, considerably higher than thai; of either 
parent, as would be expected with the segregation of a hereditary character. 


2 - 9 :^ 0-2 

2-1A0-2 


84- 9 

85- 7 


4-3±0-l 
4-0 ±0*1 
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Tlio di.sirihulion of tlic value of tliis boll index in tlui F.. j^eneratiori is sliown 

below : — ■ . 

FrequcYicij of boll index value. 


l-A Cylin- 
drical boll 


Coi^liari 

E-o 


158-72 . 
72-70 . 
70-80 . 
S0-S4 . 
84-88 . 
88-02 . 
92-06 . 


I .PTa-' ^^etweeii the values for the boll-mdex in the pareni^ 

oi tlio 101 !/ X Gogliari cross, and it is only slight between those of the l^A X Go- 
g kin cross, i\e take these values below 86 as characteristic of one parent, and 
lose o\ er iis igiire as characteristic of the other, the figures work out as follows: — 
1027 X Cc/ghari cmss' — 

(■ toll index 

tiigiboll index 

l-A X Coghari cross — 

Ratio.- toll index 

C High boll index ' * • ; • • . . . . — 


« cnaracter 


or approximately a ratio of 9 to 7, which would be expected < 

.vvith two mclepeuclentiy varying factors. 

tbe f from 


1-36 

1 


Low boll index 


High boll index 
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FO DBTH GENBEAHON (FJ. 

1- Boli index of parent plaiitB. 

1-A X Gogliari cross — 

Plaid; 1 . 

Plant; 9 . ’ ’ ■ ’ * • ■ • • • . 

‘ ‘ • • ■ • . . SO^ii 

2. Boli index in generation. 


Ffequem^j diMributiou ivith dijjareat f.yjjes. 



72-70 

70-80 

SO-84 

84-88 

88-92 

1027 A. L.P. . 

29 

69 

2 



1-A Cylindrical boll «... 


35 

65 



Goghari E-5 ... 



10 

54 

36 

1027 X Goghari cross — 






Plant 0 . . . . , _ 


9 

6S 

37 

2 

1-A X Goghari cross — 






Plant 1 ..... . 


0 

61 

27 

6 

Plant 9 . 

3 

37 

—I 

M 

0 



FIFTH GENERATION (Fg). 

1. Boll index of parent plants. 

.1027 X Gogliari cross — 

Plant 6 . . . ... 

1-A X Goghari cross — 

Plant 1 . . . . 

Plant 9 . . . ... 

2. Boll Index in Fg generation. 


83 

S2-5 

7if3 
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Frequency dislrihution with different type, 


I'A Cylindricii,! boll 


1-A X Goghari cross- 


SIXTH GENERATION (FJ. 


1. BoH index of parent plants. 

1027 X Goghari cross — 

Plante. 

1*A X Gogliari cross — 

Plant I . . , . 

Plant 5 . . 

Plant 9 . , . I * 

2. Boll index in Fg generation, 


Frequency distribution loith different types. 


1-A Cylindrical boll 
Gogliari E-5 . 


1027 X Goghari crot 
Plants 


J*A X Goghari oross- 
Plant 6 . . 
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On a review of all these figures, it may be stated that there is evidence that the 
shape of the boll, as indicated by the boll index, is a complex character as already 
found by both Kearney and Balls. It would seem that it may be eoinjiosed of two 
factors. 

The further growth of selfed material up to the sixth generation of the cross, 
shows that the progeny ultimately falls into one or other of the parental types. This 
is apparently due to the proportionate increase or decrease in both the components 
of the ratio, viz. greater diameter and length of bolls. Out of live cases studied, 
four had become closely similar to the female parent, with similar variability, and 
one had approximated to the male parent. The following is a statement of the 
mean values of the parents and of the final three years of the growing of the cross. 



1923-24 

1924-25 

192 r 

-30 


Mean 
boll Index 

Coefllcient 
of variation 

Mean 
boll index 

Coefficient 
of variation 

Mean 
boll index 

Coefficient 
of variation 

1027 A. L. P. . . . . 

77'0 

2-1 ±0-1 

79-2 

l-8±0-l 

76-5 

2*e±0-l 

1-A Cylindrical boll . 

80-4 

l-5±0-l 

84-0 

2-0±0-l 

82-7 

2-0±0-l 

Qoghari E-5 . 

86-8 

2 <6 ±0-2 

90-2 

2-2±0-l 

80-7 

3«0±0>1 

1027 X Croghari crosss — 

Plants . . , 





80-8 

2-9*0-3 

Plante . . . 

79-3 

2-8±0-l 

83-1 

3-l±0-S 

77-8 

2'6±0-1 

1-A X Gogharl cross — 

Plant 1 .... 

82-9 

2-6±0-2 

83-5 

3-1 ±0-2 



Plant 6 ... . 



90-5 

2-7±0-l 

80-3 

2-7d:0-l 

Plants . 

80-4 

2-7±0-l 

8S-4 

2-2 ±0-1 

86d- 

2>5±0>1 


D. Length op staple. 

In breeding cotton for the market, the length of the staple becomes one of the 
dominating considerations, and lienee any evidence obtainable as to the nature of 
this character, and how it behaves in breeding is of very great importance, and 
many studies have beep made upon it. Most of the early workers in India found 
that long staple is dominant over short staple, and that it behaves as a simple Men- 
delian character. The results of Fletcher, Fyson, and Kottur agree with this 
view.^ McLendon,^ studying Sea Island Upland hybrids, found no pure domi- 
nance, as the first generation (Fj) gave a type intermediate between the parents, 
and variable. Kearney,® studying hybrids between Egyptian (Pima) and Upland 
(Holdon) cottons, found that the Fj generation gave staple intermediate between 

^Fletcher. Mendelian iniieritance in cotton. Journal AgricnUnml Sekru'e, Vol. II, p. 281 
(1907). 

Fyson. Mem. Dept. Agri, India, Bot. Ser., Vol. II, No. 6 (1908). 

Kottur. Studies of inheritance in cotton. Part I. Mem. Dept. Agri. India, Bot. Ser,, Vol. XII, 
No. 8 (1923). 

2 McLendon. Mendelian inheritance in cotton hybrids. Georgia Agri. Bxpt. Stn. Bull. 99 (19j2). 

® Kearney. Segregation and correlation of characters in an Upland-Egyptian cotton hybrid. 

V.S.A.Dept.Agri.JiulhllQ^{lQ^?^)- 
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the parents, but approached that of the longer parent, while the distri})utioii ol 
the progeny in the Fo generation indicated that several factors were involvuMl. 

Thus the net conclusion from previous work is that while long stajilo t(‘.n(ls to 
be a clonhuant character, yet recent investigation suggests that this donuiuuict^ is 
not complete, and that the character may he di’cidediy a comjdex one. 

In the records which follow, the staple was always deterinin('(i on the middle 
of the seed, and from ten seeds taken from three bolls representing the whole pro- 
duce of a plant. The actual figures for the parents, in this character, for a series 
of years, with the coefficient of variation are as follows : — 


Length of staple 


l-A CvniNDRicAn 
Boll 


OOGKAKI 'G- 


Mean Coefficient Mean Coefficient Mean C()officiont 

mni. of vamtion imn. of variation mm. of variaiion 


This is one of the two characters, therefore, in which 
difference between the parents, the 1027 A.L.F. representin|Q 
Gujarat cottons while the Goghari E-5 was worthless as a 
first generation (Fj) of the crosses, the distribution and nr 
shown below. 

Length of staple. Fj generation, 
Frequency distribution in 'percentage. 


X (lOghari cross 
v; (ioifhari croas 
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The Fj generation is therefore interraediate l)et\veen tlie parenti 


Length of staple, F, Genehation, 


The mean of the parents in the 1027 X Goghari cross is 22 and tliat of the 1-A 
Goghari cross is 20, showing how nearly intermediate the Fj generation is — 


SECOND GENERATION (Fg). 

The distribution of the value of the staple length in the second generation of the 
cross is as follows : — 


Frequency of length of staqjle {1921-2^ 


1027 A. L. F. . 

•26 

S*7±0-.l 

1-A Cylindrical boil ... 

22 

lo-oio-; 

GoiEThari E-S . . . , , . . 

IS 

li-0±04 

1027 X Goghari cross ........ 

23 

7-7±0-; 

1-Ax Goghari cross ......... 

20 

10-2 iO-i 





Staple length 
min. 

1027 A. L, F. 

1-A Cylin- 
drical boll 

Gogliari 

E-o 

1027 1-A 

Goghari Gogliari 

cross cross 

13-lS . . 




' 4 

10-lS 



22 ■ 

• 4 27 

19-21 . , . 


1 

68 

22 41 

22-24 


14 

10 

40 23 

23-27 

20 

60 


31 5 

28-30 . . 

60 

23 


3 .. 

31-33 . . . 

17 

22 



34-36 ... 

3 
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Tlie mean figure and the variability are as follows 


Length of staple. , Fg aENEiUTTON, 


1027 A. L. P. 

1-A Cylindrical toll 
Goghari jR-5 


1027 X Goghari cross 
1-A X Goghari cross . 


The figures for plants selected as described under previous characters in the next 
four generations may now be given. 


THIRD GENERATION (Eg). 
(1) Staple of parent plants. 


1027 X Goghari cros.?- 
Planfc 5 . 

Plant 6 . 

1-A X Goghari cross— 
Plant 1 . 

Plant f) . . , 

Plant 9 . 


(2) Staple Length in Eg generation. 
Frequency distribution with different types. 


19-21 22-24 25-27 28-30 31-33 
mm. mm. mm. mm. min. 


1-A Cylindrical boll 


Goghari E-6 

1 027 X Goghari crosa— 
Plant 5 . . . 


1-A X Goghari cross— 
Plant 1 . 
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FOURTH GENEEATION (F,). 

( 1 ) Staple of parent plants. 

1027 X Goghari cross— nim, 

, Plant O v: 2f3 

Plant 6 . . . . . . . , . . . . 25 

1-A X Goghari cross — 

Plant 1 . . , . . 24 

Plants.' 

Plant 9 . o . , , . . , . . , . . 24 

2. Staple length in P 4 generation, 

frequency distribution. 



10-12 

inm. 

13-15 

inm. 

16-18 

mni. 

19-21 

mm. 

22-24 

mtn. 

25-27 

mrn. 

1027 A. L. P. . ... 




33 

42 

19 

1«A Cylindrical boll . . 


2 

30 

54 

14 


Goghari E-5 

14 

58 ' 

28 




1027 X Goghari cross— 







Plant 6 


2 

11 

42 

39 

6 

1»A X Goghari cross — 







Plant 1 

1 

7 

30 

47 

13 

2 

Plant 5 


8 

16 

45 

32 

4 

Plant 9 

1 

6 

28 

49 

16 



FIFTH GENERATION (Eg). 

( 1 ) Staple of parent plants. 


1027 X Goghari cross — mm. 

Plants . . . • • . • • . • . . . 2iJ 

Plante 23 

’ l-A X Goghari cross^ — 

Plant 1". . 22 

Plant .5 . ... ... . . . . 22 

Plante . . , . . • . . . - 21 
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Staple length in F 5 generation. 


J^requency distribution , 


1-A Cylindrical boll 
GoghariE-5 


1027 X Goghari crossi- 


Plant 6 


1-A X 'Goghari cross- 


SIXTH GENEEATION (Eg), 

( 1 ) Staple of parent plants. 


1027 X Goghari crosa- 
Plant 5 , 

Plant 6 . . 1 


i-A X Goghari cross— • 

Plant 1 

Plant 5 . . . 

Plants. . . . . 

2. Staple lengtli in Eg Generation. 
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Frequency distrihution. 



7-9 
m in. 

10-12 

mm. 

1 13-15 
min. 

1 16-18 1 
mm. i 

19-21 

nun. 

i ^nm. 1 

1 


1027 A. L. F 




2 

28 

5S 

15 

1-A Cylindrical boll . . . 



1 

12 

57 

29 

1 

Gogliari E-5 . . . 

2 

25 

60 

13 




1027 X Goghari cross — 

Plant 5 . . . 




5 

29 

45 

21 

Plant 6 . . 



1 

14 

41 

39 

- 5 

1-Ax Goghari cross — 

Plant 1 . . . . . 




7 

47 

41 

6 

Plant 5 




12 

54 

32 

2 

Plant 9 . . . . 

1 




9 

47 

40 

4 < 


Types have again been separated which breed true and whose variability seems 
to have reached a stable position. The mean values and the coefficient of variation 
for the two final years are given below. 




1 

1924-25 

1025-26 




Mean staple 
length 

Coefficient 
of variation 

Mean staple 
length 

Coefficient 
of variation 




mm. 


mm. 


1027 A. L.F, . 



24 

9-4±0-4 

23 

8-8±0-l 

1-A Cylindrical boll 



20 

10-8±0-3 

21 

S-7±0-l 

Goghari E-5 



16 

lS-3±0-5 

13 

13-2 ±0-0 

1027 X Goghari cross — 
Plant 5 



25 

8-6±0-2 

22 

lI-0±0-l 

Plant 0 . 



23 

ll-3±0-2 

21 

12-2±0-0 

1-A X Goghari cross — 
Plant 1 . . . 



22 

9-2±0-2 

21 

8 -5 ±0-4 

Plant 5 . 



21 ■ ! 

10-5±0-l 

21 

10-i±0-l 

Plant 9 . 



21 j 

10-5±0-2 

21 

10-3±0-l 


r 
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All the t 7 pes isolated from the cross seem now to be pure, so far as the purity can 
be judged by the coefficient of variation. The purity of the strain ro]>reiS(uit<;d. by 
1027xGogliari cross, Plant No. 6, was also tested by determining tlic coiTcdation 
between parents and offspring in 44 plants of this type, llie coehie (mii oJ corr(da- 
tion worked out at — 0‘004, which shows that there is no correlation aiKl lienee the 
strain is pure. 

The purity in each case being clear, it will be noted that of the live ty])os isolated — 

(1) three conform almost exactly to the character of the longer staple parent 

{1027xGoghari cross, Plant 5, and 1-AxGoghari cross, Plants 5 aiui 

9). 

(2) One is slightly inferior to the longer parent (1027 xGoghari cross, Plant 0). 

(3) One is distinctly longer in staple than the longer parent (1-A xGoghari 

cross. Plant 1). 

The occurrence of the types which do not conform to the character in either 
parent makes it very probable that length of staple is a complex character. 1 ^* 111 - 
ther evidence is probably needed to prove this point absolutely, but the facts here 
presented would make it very probable, and would be of great importance as 
• they would open the possibility of breeding types with a much longer steple than 
that of either of the parents involved. 

There is one point in connection with the staple of these crosses which lias not 
yet been dealt with. The staple, as given, is that of the mean from the middle of 
the seed. But the cotton is actually a mixture of fibres of very different stajde 
length. The actual proportion of fibres of different lengths, as determined by the 
Balls Sorter,* in 1924-26 for 1027 A. L. F., and some of the crosses was as follows : — 


Frequency M^trihution, 


Length ot fibre 

1027 A. L. F, 

1027 X Go- 
ghari cross 
No. 6 

l-AxNo. 1 

Goghari 

No. 5 

Cross 
No. 9 

mm. 



Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

7-5 . 



0-2 

0-7 

0-3 

0-3 

0-4 

10-5 



1-3 

1-6 

1-8 

1-0 

1-G 

13-6 



2*8 

34 

3*1 

3-8 

4*1 

lG-5 . 



4-8 

84 1 

6-8 

6-7 . i 

8-0 

19*6 . 



9*1 

11-2 

1L3 

|12-9 

19‘fi 

22-6 . 



18-7 

204 

23-8 j 

[23-3 

25'7 

26-8 . 



S6‘7 

Hh7 

36^0 

m-6 

21-0 

28-6 . 



22-6 

22-1 

10-6 

|l9-6 

17>3 

31*5 . . 



3-4 

3-8 

: 1«3 ■ 1 

|;4-6 

[2-3 

34-6 . 








37-5 . 



«.i 



i 

” 1 

’’i 


* The determinations •were>ade in the Technological Laboratory of the Indian Central Colton 
Committee, Bombay, 
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The results of spiuiiiug tests of some of these cottons, showing the highest counts 
of. warp to which each could be spun econormcallj (1924-25 season) with moderate 
twist were as under:— 

Gomits spun econamwallp. 


1027 A. L. h\ . . . . . . . . . . , . . 32 

1027 X Gogkari croaa— - 

No, 6 . . . . . , , 32 

1-Ax Goghari cross— 

No. 1 . . . . . , , , . . . , . 30 

No. 0 22 

No. 9 . . . . . , .... . . . 20 


Similar results of some of these cottons from fifty pounds samples for 1925-26 
were as under : — 

Gounts spun eeonomicaUy. 


1027 A. L. F 28 

1027 X Goghari cross— 

No. 5 , . . . ' 20 

No. 6 20 

1-A Oyliadrioal boU ...20 barely 

1-A Goghari cross, No. 9 20 


The spinning power does not entirely correspond with the tests of staple, and this 
is not unexpeotei as the capacity to spin fine yarn is not exclusively, even with the 
same class of cotton, dependent on the length of staple. 

E. Weight per seed and its relation with lint length and lint index. 

The importance of this character is indirect. But it lias been shown in a pre- 
vious memoir that in these Gujarat herbaceum cottons there is a positive correla- 
tion between the weight of the seed and the weight of the lint on the seed. It does 
not however, seem to have been studied by previous workers, though Dunlavy'- 
has found that, in Texas cottons, it is clearly correlated with other characters us 
follows : — 

Goefficient of correlation. 

Lint indes and seed weight . . . . . . . . 4-0*70i 0*021 

Boll size and seed weight . -l-0*66± 0-034: 

Staple length and seed weight . . . • . . • -1- 0-43 ±0-04:3 

Lint percentage and seed weight . . ... , . — 0-53 ±0-038 

A /oar. Noe. Agrn., VoL XV, No. 11 (1923). 
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The preKont study is only concerned with the cross made between oiir types 
J -A Urlindrical Boll and Goghari E-5, as in the other case tlnu'e its no signi- 
ficant difiereuco between the seed weights of the parents. The aetnaJ. nuain. figures 
given by tlie parents in this case and the coefficient of variatiuii is shown, in the 
following table. 

Weight of seed. 



1-A CVLISmUOAL 

BOLL 

GoSHAUi li-li 

Moan 

CooOioient 

of 

variation i 

Mean 

Coefficiont 

of 

variation 


mg. 


mg. 


1019-20 , . 

69-7 

5-5 i 0-37 

53-7 

7*2 i 0-34 

1920-21 ... 

59-4 

5-1 ±0-34 

53-6='= 


1021-22 . . 






62 -O 


()0-i» 


1925-26 

59-5 

8-0iU-42 

5.3 -8 

Ji-liO-45 


The difierence between the mean value of the seed weight in the t^arents is dis 


^ * wuigitt lu tue parents is ciis- 

^ u mo distribution of the seed weights in 100 plants of eacfii type 

^ generations of the cross is as follow^s (1020-21 and 

1021 - 22 ), 


iiig. 

36—40 
40—44 
44—48 
48—52 
52 — 50 
56—60 
60—64 
64-68 
68—72 
72-76 
76—80 
80—84 
88—02 


Seed weights 


1-A Cyliu- 
drieal boll 

Goghari 

E-5 

Cross fj 


6 

4 


28 

0 

i2 

3S 

27 

Sj 

24 

47 

SI 

3 

11 

7 

i 

1 



( 

S9*4 mg. 

53-6 ni.g. 

60-2 mg. 


27 

3li 

lU 

7 


that this would alsj be the case with the other parent.'* ^ 1919-20 and 1020-21, it is assuaiod 
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Tlie figures lor the F 2 generation are, of course, not quite comparable with the 
others, as they were not lor the same season, and the frequency distribution for the 
parents in 1921-22 is not available. But the' figures do show the somewhat wider 
‘ distribution and nearly symmetrical cm*ve which w^ould be expected in tlie second 
generatioi of a cross with a complex character.* The fact that the seed weights 
of the parents overlap so considerably precludes Meudeliaii analysis but a study of 
what happens in succeeding generations, by method previously adopted, may give 
interesting results. The figures for the first (Fj) generation of the cross, however, 
show that the seed ^Yeight is much higher than the mean of the parents and hence 
indicates at least partial dominance. 

The results in succeeding generations were as follows : — 

Third Generation (F^). (1) Seed weight of parent plants. 


l-Ax Goghari cross— • mgtn. 

Plant 1 72 

Plant 5 . . . . (>2 

Plant 9 07 


(2) Seed weight in the Fg generation^ — 


Frequmey distribution with different types. 




Fourth Generation {Fff (1) Seed weight of parent plants— 


l-Ax Gogliari cross — ™g* 

Plant 1 . 70 

Plant 5 

Plant 9 . . . • • • • 


«= The coefficient of variation in“ 1-A Cylindrical BollxGoghari Cross” in the Fj and E\ gene- 
rations is as follows i—Fj— coefficient of variation 6'5±0-5; F^ Coefficient of variation 8-5 ±0-2. 
It is slightly greater in the F^, generation. 


i 
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(2) Seed weight in the F 4 generation- 


Frequency dislrihuUmi with different type,' 


l-A Oyliadrlcal boll 
Goghari E*5 


Not recorded 


l-AxGogharl croaa- 


PlantS 


Fifth Gemration (jPg). ( 1 ) Seed weight of parent plaiitH 

l-Ax Gogliari cross— 

Plant 1 

Plant 5 

Plant 9 

( 2 ) Seed weight in the Eg generation. 


Frequency distribution with different types. 


Per 

cent. 


Per 

cent. 


Per 

cent. 


1-A Cylindrical boll 
Goghari E-5 


Not recorded 


l-AxGoghar! cross- 
Plantl . . 

Plant 6 . 

Plant d . 


Bixth generation (Fq). ( 1 ) Seed weight of parent plants- 

l*AxGogliari cross— ’ “ v 

• Plant 1 ■ . ■ . . ■■■ . ■ . ■ . ■■■■ . . ■: :■ 

Plante 

Plant 9 , 
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(2) Sceii weight iii the Fg generation. 


Freqiieticy distrihution with different 





7-.-1 X GofjMri cross 

Pi 

j P2 

Seed weihit and lint length . . ... 

+0-20±0-10 

+ 0<23±0-04 

Seed weight and lint index . . . . . 

-}-0-71±0'07 

• +(L45±0-()3 


The relation between seed weight and lint length in the Fj generation is slight? 
and is ]iardl 5 r altered in the F., generation. This indicates that there is no co- 
herence of these characters. On the other hand, the relation between seed weight 
and the lint index appears strong and positive in the Fj generation, and less strong 
but still positive in the F., generation. The correlation is, ho^vever, in the opposite 
direction to that shomi in the parents. We are, therefore, driven to the conclusion 
that in this pair of characters also there is no genetic correlation, and that any 
correlation show'n by the figures is purely physiological. 


F, Lint index and its relation to lint length. 

The lint index is the weight of lint per 100 seeds of cotton. It represents the 
productive capacity of the plant in lint, when considered along with the number of 
seeds. It has, however, not been separately examined as a special character by 
many workers. The more usual character studied has been the “ ginning perceu- 

1 Collins. Correlated cliaracters in maize breeding. Jour, Agri, Ref;., Vol. VI, p. 439 (1910). 

* F^rn-t^y & Weils. American Naturalist, Vol. LII, p. 501 (1918). 
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character. It will he noticed that the progeny of plant No, 1 has regained almost 
exactly the position of the parent 1-A Cylindrical boll; the progeny of j.lants 
5 and 9, on the other hand, gave in two successive gejierations beloiv the figure for 
t!ie (loghari E-5 parent. Tlie latter fact is of particuhn’ interest, as it ma}' 
show pjossi])ilities of acbieving a break up of this character, enabling ns to go lieyond 
the point occurring in mfJier parent. 

Coi'i'ohtion of seed weight with other characters. An attempt was made to nse 
the figures olitained in this study to ascertain whether tliere is genetic correlation 
betw'een tlie seed weight and two other characters, namely, the staple or lint length 
of th(5 cotton, and the lint index, or the anioimt of cotton per 100 seeds. For this 
purpose the test ])iropos(Kl b}’ Collins* was used, namely, the comparison, between 
the coeiiicieiits of correlation in the F.^ and. in the Fj generation of the cross. 
It is assumed that if the coefiicient of correlation in tlie Fg generation signilicantly 
exceeds that in the Fj generation, in the direction indicated by the relation of the 
parental means, coherence of characters (or genetic correlation) is indicated,^ 

The results of applying this test were as under : — 


Characters 


Coefficient of correlation 
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tage or llie }troportion the weight of lint bears to the combined weight of lint and 
Ke<‘(l. Tliis hitter, tlioiigh of great practical importance is, after ail, a ratio, ;!ud, in 
fact, tiic ratio Itelween two varitibles. It will be dealt with later, but in the ineaii- 
tiine it: may he stated that Harland’- and Hodson” have found that there is a close 
con'chitirui Ijetween the ginning percmitage and the lint index, 

Otiier investigations into the matter tire those of Balls'"^ w^ho found that a regular 
distriiiiitio}! of lint in the seed is domiaant over irregular distrihutio.u. Balls, 
honeve}', makes no stateuieut regarding the ((uantity of lint. Kearney (/or, cU.) 
in Hoklon---Pima hybrids give figures which seem to indicate that a low lint index 
is at least partially dominant. 

Tii the figures which follow, it will he noticed that the variability even of pure 
types is very considcrtible and this is wlia.t would be expected. The amount of. lint 
on the seed, f hongU it may partially result from the genetic constitution of the 
])aronf.s, yet will ])e ohviou.sly very largely determined by the conditions of growth 
and ripening. With this note, the actual figures for the parents, in this character 
for a series of years, with, the coefficient of variation may be given. 


Coeffi- 
Mean cient of 
vaviation 


1-A C'YMNDBIOAL 
Bull 


I A(// i. New,*! of llie TFes' 
^ Hodson. Coi’relation 

( 1 >. . 

Note on Mendelian sti 
^ In 1919-20—1920-21 t 
The remainder were grown a 


46 I3-8±0-7 


hM, May 20th, 191G (page 166). 

ti of certain characters in cotton. Arkansas Agric. E-xpt. St7i. Bull. 169 

studies in Egyptian cotton. Jour. Agri. Sci., Vol. II (1908). 
the results of “ Gloghari E-5 ” were obtained from the crop at Broaclp 
at Surat. 
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Mi4 

Tiu' fiirt'eiTuce between the parents with regard to this character is luuice very 
jii’f'at. The Gogliari E-5 lias a ve/y/ high lint index, by far the greatest, in fact, 
in any known type of Goss/fpiuni- Imrhnceum,. The other jiarent, in each case, has a 
considerably lower value. In the first generation (Fj) of the crosses, the distri- 
bution and mean of this character in the progeny is shown below. 

Lint Index — F j, Generation. 


Frequency distribution . 



OverOi 

mg. 


wn A. L. P. 
l-A Cylindrical boH 
Gogluri E-5 
10557 xOoghari cross 
1-AxGoghati cross 


The Fj generation is therefore iutermefliate between the parents but with a 
tendency towards the parent with the liigher lint index. The mean of the parental 
values in the 1027 xGoghari cross is 45*f) mgm., and in the 1-AxGoghari cross is 
47‘7 mgm. 

Second Generation (Fg). The distribution of the value of the lint index in the 
second generation of the cross is as follows ; — 


Lint Index — F o Generation. 


Frcqiwtmif ddstrihutiotL 


It will be noticed that the frequency distribution in the F^ generation is nearly 
symmetrical, suggesting that the character is composed of several factors. The 
coefficient of variation is only a little greater than in the F^ generation, as the 
following figures show. 



:i2-B6 

30-10 

mg. 

-lO-U 

ittg. 

lag. 

■l.S-,V2 

mg. 

52-56 

mg. 

50-00 

mg. 

00-04 

mg. 

04-68 

mg. 

Mean 

lag. 

U)27A.E. P. . 

1 








{ 

32 -S 

l-A Cylindrical boll . 




Not, 

rocorded 




3S-0 

Uoghari E-5 . 

1027 ;< Gosliari rro^s 

J 

. 1 

5 1 

11 

IS 

1 ■-« 


11. 1 


: 58- 9 

4f)'S 

[ ‘ 

l-A X Gogliari cross , 

1 1 

“ 1 

s 

IS 

25 

23 

11 


1 

o0'3 
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1 65 


Goefficiml of vwmtion. 


1027 X Gogluivi cross 
I - A . . < Jogbari cross 


12-0 ±1-25 


F, 

12-{ii0-;}o 


11-0±0-70 i24±36-0 


I'hih ;ils() com]>lexity in tlie character studied. 

riie llgiu-es Tor ])lants selected as described under previous characters in the next 
lour generations may now be given. 

yVmW (TWnvu/hm i/s). ( 1 ) lint index of parent plants -- 


i027 X GogbiU'i c-ro&.s— 
Plants 
Plant 0 

1-Ax Gogliari cross- 
plant 1 . 

Plant 5 . 

Plant 0 . 


(2) Lint index in generation— 

Frequency distribution. 



28-32 

mg. 

32 36 

mg. 

30-40 

mg. 

40-44 

rag. 

44-48 

rag. 

48-52 

rag. 

r.2-56 

rag. 

66-60 

mg 

60-64 

rag. 

Over 

64 rag. 

1027 A. L.P 

1 









J 

1-A Cylindrical boll 





Not recorded 




1 

Gogbari E-5 . . 

J 









1 

1027 X Gogbari cro^s— 











Plant 5 ... 


10 

14 

;i4 

21 

14 

5 

2 



1 -A X Gogbari cross — 











Plant 1 . * . • • 

1 


4 

16 

32 


12 

1 



Plant 5 . . 

1 


2 

7 

20 

37 

28 


2 

2 

Plant 9 • . . 


8 

11 

S4 


10 






47-4 

L50-.J 

;,43-l 


Fourth Generation {F^). (1) Lint index of parent plants 


1027 X Gogbari cross — 
Plant 0 . 

Plant 6 


1-Ax Gogbari cross — 
Plant 1 . 


Plant 5 
Plant 9 


mg. 

50 

49 


51 

43 




Freqmncij (Ustribiition. 


(54-68 (58- 
mg. ra: 


60-64 


40-44 44-48 48- 
nig. mg. mi 


5(5-60 


Not re(3orded 


1-A Cj-Jindtif-al boll 
tioghuri £-5 


Plant 6 


1-A A Gogliari 


I’livnfc I 


Plant 


Fiflh Genemtion- {F^). (1) Lint index of parent plants- 


1027 X Gogliari crosa- 
Plant 0 . 

Plant 6 . 

I -Ax Gogliari cross— 
Plant 1 
Plant 5 
Plant 9 


(3) Lint index in Fg generation. 


Frequency distribution. 



28-32 

mg. 

32-36 

mg. 

36 40 
mg. 

40-44 

mg. 

■ 44-4S 

48-52 

mg- 

r>2 56 
mg. 

Mean 

mg. 

10w7 A* ij. Ii* • • . « . 

1-A Cylindrical boll . 

Coghari 10-5 • . 



Not recoi'de 

d 


f 

1 

33 

3j 

10117 X Qoghari cross— 










4 

4 

IS 

J4 

28 

I 


41 

Plant 6 > . . - . . 

2 

2 

8 

35 

j 47 

1 

2 

44 

1-A X Coghari cross— 









plant! . . . . 

2 

14 

S3 

27 

2 

! 2 


1 39 

Plant 

1 

8 

13 

■13 

■ 35 



42 




7 

4.7 

33 

3 

. - 

44 
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Sixth Generation (Fg). (1) Lint index of parent plant- 


1027 , : Goghari oroas— 
Plant. f> 

Plant 6 . 


1-A X Goghari cross— 

Plant i - . . 

Plant. 5 

Plant 9 

{*2) Lint index in Fg generation. 


mg. 

37 

44 

42 

53 

45 


1027 A. L. F. 

1-A Cylindrical boll 
Goghari E-5 


Plant o 
Plant 9 


The mean values 


20-24 21-2J 


and the coefficients of variation in the last three generations 


will show how far, clearly distinct types have been isolated. They are as follows 



1923-24 

1924-25 

1925-26 


Mean 

lint 

inde.v 

Coefficient 
of varia- 
tion 

Mean 

lint 

index 

Coefficient 
of varia- 
tion 

Mean 

lint 

index 

Coefficient 
of varia- 
tion 


mg 


mg. 


mg. 


1027 A. L.F. . . 

35 


33 


32 

9'0±0-4 

I-A Cvliudrkal bull 

41-5 


38 


36 

9-5 ±0-4 

Gogliai'i E-5 

GO 


57 


46 

13-Sd:0-7 

l027xGughan oims — 

Plant 5 . 



41 

10-1 iO-7 

38 

1 6*5 i 0-5 

Plant (i , . . . , 

45 

9-S±0-G 

44 . 

8-GiO-O 

41 

j 

13-8i0ffi 

Gughari cross — 

Plant i . . . 

50 

13-9A0-7 

39 

S -8 A 0-0 

39 


Plant 5 . 



42 - 

9-2±0-4 

40 

13'3±0*7 

Plant 9 . . . . 

46- 

9-9±04 

44 

7-0 ±0-4 

■ 40 ; 

12-li0-5 
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In 1925-2(1 the lint index decreased in all cases, and was very highly variable, 
as the ripening conditions were very abnormal. Judged liy the coefficient of Vciria- 
tion, however, all the types isolated have now bred true. But it is clear that al the 
pure segregates obtained have a value, for the lint index intermediate between tJiat 
of the jairents. This does not mean that types do not exist with the parental values 
or even with extra parental values. But they have not l)een isolated, and the pr**.- 
valence of the intermediate values shows the complexity of the inheritance of the 
character we are studying, 

()ii account of the high variability in 1027 xGoghari cross, Plant 5, the parent- 
uilspring correlation was worked out in this case. The result gave a correlation 
coefficient of --0'0:i + 0*10. Tii other words, the segregate, is pure regarding this 
cliaracter. 

Ooj'rehf.mi of Lint Index with Lint Length (Staple). The figm-es obtained in the 
Fo and Fj generations of these crosses have enabled us to apply the test proposed 
by (jollins and described on (page 162) above, to see whether there is any coherence 
of the lint index and the lint length in the strains crossed. In this test^ it is assumed 
that if the coefficient of correlation between these characters in the F., generation 
signifi.cantly exceeds that in the Fj generation in. the dhcction indicated hy the 
relations of the parental means, coherence of characters is indicaied. The results 
of applying this test in the present case are as under : — 

Character Coefficient of coiTelation 

Fi . F., 


Lint index and lint length. — 

1027 X Goghari cross . . . . . . 

1-Ax Goghai'i cross . ... 

These figures make it clear that there is no genetic coherence between, these two 
characters. 


+ 0-39 ±0-12 — 0-23 i 0-04 
-j- 0*14 i 0*10 ~0-3G±0-03 


C4. GIISTNING percentage and its relation with length of STAPLE.. 

The ginning percentage of any type of cotton, that is to say, the relation of the 
weight of lint to the whole weight of the seed cotton (kapas) is almost obviously a 
complex character being the ratio of two variables, which vary with almost if not 
entirely complete independence, "Where the seed weight of the twm types compared 
is similar, then the ginning percentages vary almost exactly in the same manner 
as the lint index. This is the case which occurs when the types 1027 A L. F. and 
Goghari E-5 are compared and crossed. When the seed weight of the parents 
difier, as in the other cross under study (1-A Cylindrical Boll and Goghari E-5), 
the inheritance of ginning percentage is obviously an extremely complicated matter. 
Gwing, however, to the extreme practical importance which attaches to the ginning 
percentage it may be worth while to follow the behaviour of tin's ratio when the 
types of cotton under study are crossed. 
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The actual figures for the ginning percentage of the parents of the crosses 'were 
as follows : — 



1027 A. L. F. 

1-A CvijTkdiiical boll 

Goghari E-5 

Mean 

C'oefSeient 
of varia- 
tion 

Mean 

Coefficient 
of varia- 
tion 

Mean 

Coefficient 
of varia- 
tion 


Per 


Per 


Per 



cent. 


cent. 


cent. 


. . . . 

33-5 

6*8±0*5 

.3.8*8 

4-7 ±0*3 

51-6* 

2-7-tO-l 

J 920-21 . . . . 

34*9 

o*2±0*3 

39*3 

3-8 ±0*2 

51-6* 


1921.22 .... 

36*2 


37*7 


49*8 


1922-22 .... 

33*5 


39*0 


48*1 


192.3-24 .... 

36*4 


38*0 


49*0 


1924-25 .... 

.35*8 


.36-9 


47*0 


1925-20 .... 

37*1 

4-7 ±0*2 

37*3 

3*6 ±0*2 

45-0 

4*0 A 0*2 


The difference between the parents is hence very great, and there is practically 
no overlapping. The Goghari E-5 has a very high ginning percentage, the highest, 
in fact, of any known type of Gossypimn Jierbaceum. In the first generation (Ej) 
of the crosses, the distribution and mean value of this character in the progeny is 
shown below. 

Ginning percentage — E j Generation. 

Frequency distribution. 




Ginning percentage— Generation. 
Frequericy distrihuMon. 


A, L. F. 

1-A Cylindviciil boll 
Goghari 13-5 
X027 X Goghari itohs 
;< Goghari eras'! 


The frequency distribution in tliis generation is nearly symmetrical in both cases, 
suggesting that the character is comjjosed of several factors. The variability is 
slightly higher than in the generation, the figures being as follows 


Coefficient of variation 


1027 X Goghari cross 
1-Ax Goghari cross 


Fa 

5-2±0-5 

4*0±0-3 


F, 

6-7 ±0-2 
1 6-2 A 0-3 


The figures for plants selected as already described under previous characters 
ill the next four generations may now be given. 

Third Gemration (F^). (1) Ginning percentage of parent plants— 


generation is, therefore, intermediate between the parents, but shows a 
tendency towards the higher ginning parent. The mean of. the parental 
values in the 1027 xGogliari cross is 4-3-3 per cent, and in the 1-A X Goghari cross 
is 4-5*4. 

Second Generation. (F.,), The distribution of the value ol the ginning percentage 

in the second generation of the cross is as follows:--" 


Per cent. 
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(2) Ginnuig j erceutage in Fg generatioii- 


l-A Cyliiuirlcal lioU 
Gogliari B-5 


Not recorded 


l-A X Gogliari cross — 
Plant I . 


Plant 9 


Fourth Generation (F^) (1) Gimiiiig percentage of parent plants- 

1027 X Gogtari cross — 

Plant 5 

Plant 6 

1-Ax Goghari cross — 

Plant 1 . . 

Plant 3 . . 

Plants 


Per cer^i, 


(2) Ginning percentage in F4 generation- 


Frequency distribution. 


Not recorded 


i-A Cylindrical boll 


Uogliari Ii-5 
10il7 X Cogharl 
Plant (3 

1-A X Gogliari c 


I’lant 1 
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Fifth Gemmtion {F^). (1) Ginning percentage of parent plants— 

1027 X Goghari eross — 

Plant 5 . 

Plant 6 . 

l”Ax Goghari cross — 

Plant 1 , 

Plant 3 . 

Plant 9 . 

(2) Ginning percentage in generation—' . 


. 40-4 

. 43-4 

. 41>o 


Per cent, 

, 37-5 

, 39’2 


Frequ&ncif distnbidion. 



Skill Generation (F^). (1) Ginning percentage of parent plants— 


1027 X Goghari cross — Percent. 

Plants . 38‘5 

Plant G . . . . . ... . . . . . • 40*5 


1-Ax Goghari cross — 
Plant I . 

Plant 5 . . 





i 

■| 




41- 1 
44‘.3 

42- 9 



Tlie mean values and the coefficients of variation in the last three generations 
will show how far clearly distinct types have been isolated. They are as follows : — 


102v A, L. F. . 

1*A Cylindrical boll 
Gogliari E-5 « 

1027 X Gogharl cross— 
Plant 5 
Plant 6 

1<-A X Goghari cross— 
i’lant 1 
Plant 5 

Plant 0 • • 


It will first of all be noticed that all values in the crosses are intermediate between 
the parentSi and this is the case although the types isolated seem, as judged by the 
coefficient of variation, to be pure in this character. One type of each cross ap- 
proaches the value of the lower ginning parent ; the others, while clearly interme- 
diate, are more nearly approaching the higher ginning parent. Among the 
isolated there is no sign of any which goes beyond either parent. 
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Gomlatmi of gimmig pcmniaoo with other eharaderr. 
in attempt made to use the figures obtained in this study to ascertain 
ivliether there is genetic coiroktion, or ooherence of characters, between the gmmug 
percelee and the staple of the lint. There is a ver>- widespread ..opressron mnong 
cotton growers that a high ginning percentage is almost, il not 
with a loner staple cotton. There has, hitherto, been no positive oviduiu, in Luour 
of this view. In fact, what evidence exists, seems to show that the two 
vary independently. The appHcation of the test proposed by Collms (p. lb-) 

the present case may give some information on the point. . . 

If we compare the correlation between the two characters concerned— ginning 
percentage and stoplc-in the F. and F, generations, genetic correlation woo d 
be shoivn if there is greater intensity of correlation in the F.^ genciation, m i, 
same direction as occurs in the patents. The following are the figures actually 
obtained. 


Coeffi^cient of correlation Wween ginning 'percentage mid staple. 

. 

1027xGoghavi cross . . . . . +0‘:3l±U-l U-.'i5±:U0.> 

1 — AxGoghRi’i cross . . . • • 0'39±e*l 0 60±0 0.3 

So far as the 1027 xGoghari cross is concerned, there is no evidence of any co- 
herence between these characters. In the 1-AxGoghari cross the result is not so 
clear, and there is marked inteiisification in the correlation in the .Fg generation 
in the same direction as occurs with the parents. The result tends to show that in 
certain cottons only there is reason to suspect some coherence between the two 
characters dealt with. The matter, however, requires much more investigation 
and the application of the test in many other cases. If such further investigation 
confirms the result just given, it may indicate a reason for the apparent difficuty 
in combining maximum ginning percentage with the highest staple. 

in. General conclusions. 

The object of the work reported in the present memoir wa^ del bcrately and 
definitely the production of a type of cotton for the Surat and Broach Districts, 
which while retaining the staple and quality of the present fibre should, at the same 
time, have a higlier ginning outturn. This has been successfully accomplished in 
the case of a cotton suitable for Broach and tliis is now being multiplied ior distri- 
bution on a large scale. A similar result appears also to have been achieved in 
connection with cottons suitable for Surat, though it is not quite certiain wheldier 
the spinning value of the typical high class Surat cotton (1027 ' A. L. .F.) has been 
retained. 



i^Al’EL AND PATEli 


175 

Incid^ntiil to the above practical object, the data collected have btsen einploj^'ed 
to study seven characters of the cottoii plants used as parents of two crosses between 
pure types ol Bruach-f/e.s7a’ (1027 A. L. F. and l-A Cylindrical boll) and of Goghari 
(1^-5) Cottons, — all being strains of Gossi/peum herbaceuni, and also tluj same 
(.•haracters in. six gejieratjons of the resulting crosses. The main objects of the 
I _ study tvere two, as follows ; — 

{a) To determine whether the characters studied are simple Mendeliaii 
characters which can be transferred without change from plant to 
plant, or are complexes of a number of factors which, while normally 
inherited together, may be separated in the course of iiilieritanee. 

(6) To ascertain whetlier the several characters studied are geneticall}^ corre- 
lated, that is to say, whether there is coherence of these characters 
i during inheritance. 

The results of the enquiry dealing as it does with the following characters may 
, now be given : — 

f {a) Node in the Stem from ivliich the first Sympodiimi arises. This character, 

when fixed definitely in the fifth and sixth generation of the cross, 
conforms to one or other of the parents, except in one case. In this 
i case, the node is higher on the stem than that of either of the parents. 

■ This indicates that we are dealing with a complex character, of which 

! the. elements cohere closely. But it shows the possibility of being 

able by crossing to obtain a form of plant diilerent from the parents 
i and suited to particular conditions. 

i (&) Diameter of the Bolls. A large boll is an advantage, and hence the interest 

i * of the present study in this respect. Out of five types followed out 

! to the sixth generation of the cross, two conform* to one or other of 

r the parents. Two are intermediate between them, out of which the 

purity of one is doubtful. The fifth, however, has a larger boll than 
either of the parents from w^hichit is jDroduced, and yet it definitely 
breeds true. This indicates that the maximum diameter of the bolls 
is a complex character. But it shows the possibility of being able by 
? crossing to obtain a larger boll than that of either parent, — a result 

' achieved in the present case. 

j (i.;) Shape of the Boll. The shape of the boll, as judged by the boll index, 

has proved itself again a complex character which may, from the 
evidence, be composed of two factors. All the plants obtained, wiien 
the types were found to be fixed (as judged by means of the coefficient 
of variation), conformed, however, in this character to one or other 
of the parental types, and thus indicated the very close linkage of the 
factors which determine the shape of the boll. 
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iil) Length of Staple, When stable and fixed types of plant in respect to lint 
length are obtained in the fifth and sixth generation of the cross, it was 
found that out of five types obtained three conformed almost exactly 
to the type of one of the parents, one was intermediate between the 
parents, and one has a staple distinctly longer than the longer parent. 
This indicates that we have to deal with a complex character, and 
indicates the possibility of obtaining by crossing types of longer staple 
than any of those which are now grown, and which could be used as 
parents. 

ie) Weight of Seed. The weight of the seed proves to be a complex character, 
witli at least partial dominance in the direction of heavier seed weight. 
There are indications that it is possible to obtain tyx3es with seed 
weight lower than either of the parents, a fact which opens up new 
possibilities in cotton breeding. There appears to be no genetic cor- 
relation in the cottons examined between the seed weight and either 
the lint length or the lint index. 

(/) Lint index or the weight of lint per one hundred seeds. In this matter 
all pure types of the cross isolated liave values intermediate between 
those of the parents. This does not mean that strains do not exist 
with the parental values or even with values beyond these latter, 
but it does indicate the complexity of the character. There ax>pears 
to be no genetic correlation between the lint index and the lint length. 

ig) Ginning Percentage. This character, which is really only a ratio between 
the lint index and the total weight of the seed and lint together is only 
studied because of its commercial importance. As would be expected 
from the results with the lint index, the values obtained in the cross 
are all intermediate between the parents. There seems some evidence 
of a partial coherence between this character and the lint length in a 
negative direction, in certain cases only. 
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THE JKDIC4EH0US COTTON TYPES OF BURMA. 


BY 

T. D. STOCK, B.Sc, DJ.C., A.R.C.S., 
Deputy Director of Agriculture, Bimua. 

(ReeeB’ed for publication on 1st Pecember, 1926.) 


Introduction. 

A survey of the principal cotton types of Burma was commenced in 1921. 

The cultivated cottons of the province are comparatively well known and the 
component types have been referred to definite sub- varieties by the dif erent authors 
on Indian cottons. 

Thus (lammie ^ separates the Wogale crop of Upper Burma into three sub- varie- 
ties oi G. negkctum, Tod. and considers that G. obtusifolium, Roxb. var. nov. Nanking, 
is represented by both Wagyi and Wagale t}Tpes. In his tentative classification of 
Indian Cottons " he refers to the cottons of the Shan States and Chin Uilla as the 
possible source of two further distinct types making six in all. 

ll att ® does not distinguish clearly between the cultivated forms. 

He ascribes specimens of Wagyi and Wugale to G. Nanking, Mayen, and states 
that G. arhoreum, var. neglecta^tlie G. negkctum of Todaro— is cultivated in Burma, 
He also quotes Dr. Buchanan Hamilton to the effect that a red-flowered field cotton, 
inferred by ^ Watt to be G. arboreum var. sanguinea, is known to the Burmans as 
wa been.’^ Wa been is obviously a mispronunciation of “ w’a bin ” which simply 
means cotton plant ” and it may be stated here that I have met with no red- 
flowered cottons in the course of the present investigation. Insomuch also that 
Wagyi and Wagde are dissinrlar types, it seems evident that Watt and Gammie 
w ere misguided in ascribing specimens of both these cottons to the same sub- variety, 
seed at the ginneries, specimens of Wagyi sometimes occur in 
the Wag le crop and it is only reasonable to assume that specimens are occasionally 
.seut out wrongly labelled. 


' GanmS’ T A* r-l '' Ho. 2. 

Ganunie, G. A. Cli^sification of Indian Cottons (tentative), 1903. 

Watt, bir George. The Wild & CnItivatedX'ottoa Plants of the World, 190T^ 

( m ) 
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^ Burkill. Report on Colton in Biunifi, 1904. 

“ Jour. A'jri-Horilmllural So:kly aj India, Vol. Xll, 18(ji 


Bul’kill ^ seems to liavo recognized six types as belonging to Buniia.. lor lie says 
“ I Jiave lately received two capsules from 3.^aflaimg near Ib’OJiie of wlait may !.)e 
a seventh cotton — a khaki cotton grown on Taungyas and periiaps being that spoken 
oi ill the. Jimrnal of Uie A(jri-lIorlicullund 

But outside the limits of the two main areas of cultivaliou ami ranging fiom 
the Assam hordei- through the Chin hills and Pakokku liili tracts ou iJui west, ami 
from China through the Northern and Boutherji Biian Btates on the east, occur 
.spansely cultivated a seiies of cottons about whieJi little has liit]ieri,o licen 
knoAVii 

It was considered that a compreliensive knowledge of ail the e.xisting types would, 
apart from their intrinsic interest, provide a suitable basis on wliicJi to commence 
the worlc of cotton improvement. 

A collection of seed samples was, therefore, obtained from the various localities 
where cotton occurred. These were grown atMahlaing for preliininary observation. 
In ike case of the varieties under general cultivation, the isolatioji of h.xcd ty]a'S 
presented jm difficulty. From some of the hill tracts, liowever, the crop showed 
great diversity and it became obvious that the bulk of the foims were of liybrid 
origin. It became necessary, ^ therefore, to select the predominant types and to 
inbreed in order -to, obtain pure lines. 

To eliminate the hybrid tendencies it became necessary to continue the culture ; 
from self-fertilised- seed for several years at the Mahlaiiig Experimental Station, 
where the cultural and climatic conditions are lypical of the Wagalc tract. It has 
been observed by other writers that luorplmlogical characters in cotton undergo 
modification when transfer takes place from one habita to another. The descrip- 
tions given ill the following pages were taken from pure cultures in the year 11)26, 
but it may be observed that, apart from an increase in the general vigour of the 
plants, the descriptions conform nearly to those taken fur certain of the types in 
their natural habitat. Toindicati; to what an extent this is true, I have against 
types XII and XV given the photographs of herbarium specim ms collected in the 
Chin hills in the year 1920. 

It is doubtful, of course, if any of the cultivated races of cotton in Burma can be 
regarded as truly indigenous. So far as I am aware, no wild species has been lec,: rcled 
from Burma and it is extremely unlikely that f,!ie cultivated forms have had a 
separate origin of their own. They can, in fact, nil be more or less definitely assigned 
to one or other of the well-known Indian species aiul it may be reasonably assumed 
that they have arisen from the same common stock as the latter. At the same time 
there are ncli cations that the cottons of Central Asia have entered largely into their 
composition and influenced their development to perhaps a greater extent than has 
been the case in the majority of Indian co ons. 
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Desciipticn oft^pes. 

Type I. 

A kite mu!;uriis ;4 {ivraiiiidal slmib aboiii 7" in lieight. (Stem robuwfc, reddish 
hrewii. steliately t<j.tije]U'ose and pilor^.e with long hairB : inteniodcs alioit ; branches 
aiiproximrste. nusnispodial. ascending acutely. Main axis prolonged, with syinpudia] 
axes 'diorteniDg siiccessivcly towards the apex. 

LeaiYfi ratiier sinai], pahnaLi}»aTl'ite, unevenly cordate, light green, hirsute 
beiieath, uitiinateiy coriaceous, margins often siiiiiate in the larger leaves : 
leal -glam is "A. IjmIx.-.s 0 to 7, I troadly ovate, subacute ; sinuses of variable 
widih, U'iih oceasio.md accessory lobes. 

/>V«o/(o/t s smail. ((vatc-coi'dute, acute, serrate with 5 teetli in the upper margiu. 

/' hn/.Y'/\s- ■, ellow. colilety on sJiort erect pedimcles from the g<,‘condary and ter* 
tiai'y s\ ii!podial a.xes. 

Hollti niediiini-sizied, ovoid, rostrate, t>bsciirely gland-dotted, 3-1-Iociilar. 

btal.-i 8 io 1 ( 1 , ittstruie ; hvAz gj’eonish grey. 

Linl wliiic, copdous, of medium IcngiJj, but somewhat 


Type II. 

Ihis type is like type I, but with bu'li'-coloured lint. 

lype I is the }{ of Lovecr Burma wliere it is cultivated extensively in the 
districts <(f Thayetinyu and Jh-ome. It has been assigned by Watt to G, Nankifig, 
Mayen and by Gamnuc to G. ohimlfolmni, Roxb. var. nov. Nafiking. 

i he khaki iinted Jorm described under type II occurs in the cultivated crop to 
only a smali exicni. and i; i:eparat(Y,l out at the ginneries as a recognised impurity. 
It is probably this t\ j)e nhich was referred to by Buikill as possibly a seventh form 
irom Burniii, though it is certainly nut the cotton spoken of in the Journal of the 
Jgri-HoiticiilJuyal buciefg of India of iS62. 


Type III. 

A meditim jnuturijif, Uionojiodial form of similar habit to type I. 
and (jouiuj luaxn densely pilose. 

Lmeoj large, pahnaiijiartite, subcordate, dark green, eglandiiiar. Lobes 5, 
ovate olh.iug, acuminate, somewhat eonsiaicted at tho'r bases ; sinuses 
narr{,(W; acces^iorv lobes rare. 

Biiu.hohs nicdiiijji pi;ied, ovtite, subcordate, the upper margin laciniate. 
r/oiro'Y white, solitary on elongate nodding pedimcles. 


I 
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Bolls fairly large, ovoid-oblong, acuminate, 3-4-loeulaT. 

S(‘erls 9 to*^ 11 ; fuzz greyish white. 

L'ni white, of medium length, but rather coarse. 

T^Te ra is a monopodial form received from Mauk Mai in tte Sonthern Skan 
ftate's ’ It appears to be closely related to the cottons described in Gammie s g«ui, 
(1 wimiiediml, Tod. and is most probably identical with one of the forms received 
livLeo etfromSiam. Of all the types described, tbis is the only form m which 

Icafg ands are absent. 


A iail but early maturing shrub with tl e few lower monopodial branches long 
iind ascending and the upper s}mipodial branches short and spreading. 

S(m and Petioles distinctly gland-dotted, the stem ultimately turmng^ to 
reddish brown ; herbaceous parts clothed with white caducous hairs. 

Leaves large, palmatipartite, cordate, dark gi'een, coarse-looldng ; leaf-glands 
1 to 3. Lobes 5 to 7, lanceolate, undulate, usually with accessory lobes 
in the somewhat wide sinuses. 

Bracteoles large, ovate, acute, auriculate at the cordate base, prominently serrate 
in the upper margin. 

Flowers yellow, solitary on erect peduncles from the short lateral axes 

Bolls fairly large, ovoidj acuminate, conspicuously gland-dotted, 3-4-locmar. 

Seeds 8 to 10 ; fuzz greyish green. 

Lint white, copious, but short and coarse. 


i 


This type differs from type IV in its white flovrets, larger bracteoles and heavier 
outturn of lint. 

Type VI. 

Tills type resembles type lY in all characters except the buff-coloured lint. 

Types lY to YI make up the Wagale crop and constitute the bulk of the export 
staple. 

Gammie has }>laced these types as follows 

Type lY. G. neglectum, Tod. var. nov. vera, sub-var. nov. hurwanica. 

Type Y. G. negleetum^ Tod var. nov. rosea. 

Type YI. G. neglectum, Tod. var. nov. mra, sub-var. nov. KoJcaiia. 

*L<*ake, H. M.; and Ram Prasad. Observations on certain Extra-Indian Asiatic Cottons. Mem. 
Dept Agri. ' India. Bot. Ser,, Vol. IV, No. 5, 
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All tliree types are grown in mixture witli type IV predominating. Type VI 
occurs in very small quai. titles and must be regarded as an impurity except where 
it finds loc;.l preference for the making of a durable cloth known as “ Piniii.” 

The types occur widely distributed through Upper Burma., but it is in the 
districts of Meiktila, Myingyan, Sagaing and the Lower Chindwin that they attain 
their maximum importance. 

Type VII. 

A plant of distinctly cylindrical shape, 3' to 4' in height, with few or no mono- 
p ' ilial luauclies. The sympodial branches are of uniform length, short and spread- 
ing, with a tendency to droop. 

iif-ms pilose when young, green turning to reddish brown. 

Leaves of modiuin size, palmatipartite to pahnatifid, subcordate or obtuse at 
the base, often undulate in the margin, soft, hirsute, dark green t leaf- 
glands 1, rarely 3. Lobes usually 5, ovate, acuminate, somewhat con- 
stricted at their bases, with occasional accessory lobes. 

Bracteoies | the length of the corolla, ovate-triangular, with indexed margins, 
purple tinged, serrate in the upper margin by 6 or 7 teeth, base cordate. 

Floivers white, borne 3 or 4 to each secondary axes on short peduncles. 

Bolls medium-sized, sub-angular, attenuate to the apex, 3-4-locular. 

Seeds 8 to 10 : fuzz darkish grey. 

Lint white, long, exceedingly soft and fine. 

Type VIII. 

This type difiers from type VII in its greater tendency to develop monopodial 
branches, in its 6 to 9 seeds being covered with a greyish brown fuzz, and in its pale 
buff-coloured lint. 

Type IX. 

A taller and more difiusely branched plant than type VII, with often one or 
more elongate monopodial branches, median branches fairly long and spreading, 
with a slight tendency to droop. 

Leaves of medium size, palmatipartite, subcordate, thin in texture, sub- 
glabrous, dark green : leaf-glands 1 to 3. Lobes usually 6, oblong, not 
constricted at the base and without accessory basal lobes. 

Bmcfeoles large, green, almost as long as the corolla, ovate-triangular, sub- 
cordate, the upper margin serrate by 5 teeth. 

Flowers yellow, 3 to 6 from the secondary axes, borne singly on elongate 
suberect peduncles. 
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Boil's ovokl, acute, 3-locukr. 

8 to 10 ; fuzz greenish grey. 

Liiii of inediuiti length, Holt and fine. 


Type X. 

A plant Biiuilar to type IX, but with longer iutonodes. The. median branc-iioB 
arise at a fjliaij)cr anghi with the stem and droop at the ends. 

Liuoc^ large, paimatilid, oordatei coriaceous, sub-corrugatc : leaf-glands vari- 
able in number, the leaves on the main stem with 3 and those on the 
secondary branches with 1 only. Lobes 6, broadly ovate, acute. 

Bradcole.'s small, about | as long as the mature boll to which they are adnato, 
broadly ovate, flushed with purple. 

Flowor.s yellow, 4 or 6 from the secondary axes, borne on very short pendent 
}>oduncles. 

BolB medium-sized, short ovoid, acute, 3-4-locular. 

Seeds S to 10; fuzz greyish brown. 

Lilli pale Ijiiff of good length, but very scanty. 


Type XL 

This type is characterised by its rigid appearance. The median branches are 
longer than those of type X, more erect, and without the tendency to droop. 

Leaves very large, of lighter colour and softer texture than those of type X, 
palrnatipartite, cordate : leaf-glands 1 to 3. Lobes usually fi to 7, 
large, luidulate, the median produced and with accessory basal IoIjcs. 

Bracteoles largo, broadly ovate, laciniate by 5 narrow lobes, tinged with purple. 

Moiecr*- as in type X. 

Bolls ovoid, acute, 3-locular. 

Seeds 9 to 10 ; fuzz greenish grey. 

Lint white of good length and quality. 

Types VII to X.I are a representative series from the Northern and iSoutherii 
Shan btates. All the forms arc of typical sympodial liabit and early maturity, pro- 
ducing soft line staple up to an inch in length and of excellent quality. Idic crop is 
gi'own iraiiily lor local consumption, though consigninent.s are often carried over 
considerable distances to collecting centres from which the htpas i.s despatched 
to the Burma ginneries. 

'file types all hear close resemblance to Cl imlimm, (Aimmie and to 6b Nanhimj, 
:\layeii which Watt considers to ho the great cotton of Central and Eastern Asia. 
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Type XU. 

A. siiiiiil and very narly-maturiiig yliriib 3' to 4' in lieiglit. Brandies mostly 
sympodud wit It a few sliort, .sjtreading monopodia. >Steni light brown turuing to 
grey. 3iediatt liriinclies comparatively long, delicately slender and drooping with 
elongate inteiiiodes giving tlio plant a decidedly graceful appearance. Tlic median 
branches a.re usually longer tiiaii the basal. 

Lea ecu medium to small, palmatiM, subcordate, thin in texture, iiglit green : 
leaf-glands i, rarely 2 or 3 on the lower leaves. Lobes 3 to 5, triangular, 
acute or obtuse, with wide unfolded sinuses. 

Bmdeoles ovate-triangidar, cordate, serrate in the. upper margin by o teeth, 
very sinall, adnaie to the boll, purplish, 

Flincr-i's yellow. ~i to 7 from the elongate secondary axes, borne on short nod- 
ding jiediiuole.s. 

Both small, elongate, acute, 3-4-Iooular. 

Bccth 6 to S ; fuzz grey. . 

Lint white, fairh' long and fine, but sparse. 

Type XlII. 

This type differs Irom type XII in its deep buli-coloiu’ed lint. 

Type XIV. 

A plant of sim’dnr habit to type XII, but more robust and with the median 
l..niiicl!.es straigliter and more rigid. 

Bmeh-oJes medium sizeil, serrate by 3 or 4 teeth, otherwise as in type XII. 
Flowers dead white, with Ijright crimson blotches at the bases of the petals. 
Bolls as ill tvpe XII. 

Feeds small, 6 to 8 : fuzz dark grey. 

Lint white, long, soft, fine, bub excBedingly sparse with a ginning outturn of 
only 21-24 per cent. 

Type XV. 

A plant b' to t)' in lieight, of typically sympodial habit, with a few erect monopodia 
c.iifl very short spreading median branches. 

Leaves dark grei'n, ]>;ilniaiisect, siibcoriaceous : leaf-glands 1 to 3. Lobes 
5 to 7, oblong-lanceolate, the lower-most pair divaricate from the siib- 
cordiilo. ])ase. 

Braefeoles large, very ])roa(;Uy ovate, cordate, laoiniatc by 5 or 6 narrow lobes. 
Flowers yelhnv, 3 or 4 on tlie short median branches. 
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Bolls laige, siib-splierical, acute, 3-4-locular. 

Seeds (> to 8 ; tuzz greyish, white. 

Lint white, soft, fine, of good lengthi 

Type XYL 

A shorter and more delicate plant than type XV, with slender drooping branches. 
It diiiiers from type XV also in having smaller and more triangular bracteolcs and 
white flowers. 

Type XVll. 

This type is similar to tj^pe XV. The flowers are yellow xmd the lint a pale 
buff ill colour, soft, of medium length and scanty. 


Type XVIII. 

A large plant of pyramidal shape, with numerous monopodial branches arising 
from the base at an angle of about 45 degrees. Median branches short and spreading. 

Leaves as in type XV. 

Bmcteoles of medium size, broadly ovate, cordate, laciniate in the upper margin, 
purplish. 

Flowers yellow, 3 to 5 on the secondary branches and 1 or 2 on the tertiary, 
borne on erect peduncles. 

Bolls fairly large, ovoid-oblong, acute, 3-4-locular. 

Seeds 8 or 9 ; fuzz greyish white. 

Xifdi white, fairly long and fine, but sparse. 

Types XII to XVIII occur sparsely cultivated throughout the Chin hills and 
Pakokku hill tracts where the crop is confined to small Taungya plots on the steep 
hill-sides. The crop is a very mixed one. A wide range of forms give a clear indica- 
tion of hybrid origin and on certain plots it was almost impossible to separate out 
predominant types. From a critical study of a wide series of samples it has, ho-wever, 
been possible to isolate two main groups. 

Types XII to XIV are a characteristic group with close affinities to G. indicum, 
Gammie. The leaves are small and true to type ; the cotton exceedingly scanty 
but fine and of good quality. 

Types XV to XVIII in the shape of their leaves and large bracteoles have feature 
in common with G. arhoreum var. assamim, Watt and G. cernuum, Tod, They, 
however, differ from these in having scanty cotton of soft fine quality. 


BXUUiS^ 


Type XIX. 

A small plant, 3' to 4' in lieight, witli few or no monopodial branches. Median 
hranohes short and suberect. 

Lemes medium-sized, light coloured, palmatipartite. Lobes usually 5 to 7, 
narrow, radiate. 

Bradeoles medium-sized, broadly ovate, siibeordate, serrate in the upper margin. 

Flowers white, 3 or 4 borne on short pendent peduncles from the secondary 
branches. 

Bolls large, broadly ovoid, obtuse, 3-4-locular. 

SeetLs 10 to 20 ; fuzz greyish. 

Lint white, very copious, but short and very coaarse. 

Type XX. 

Tills tyiDe is similar to type XIX, but the lint is buff-coloured. 

Types XIX and XX were obtained from the Axakan hill tracts. They corre- 
spond in ail respects to the cottons described by Gammie under G. cernuwm, Tod. 
and have probably been introduced into Axakan from the MU tracts of Assam. It 
is undoubtedly these cottons which are referred to in the Journal of the Agn~ 
Horticultural Society of India, Vol. XII, 1862, and described as native cottons with 
harsh strong but very short staple. 

Seed and lint characters. 

Certain determinations for seed and lint characters are given in the Appendix. 
The main object in view in recording tMs data is to provide a set of figures wMoh 
will give the plant breeder an indication of the respective type values. The deter- 
minations were made from one hundred fully matured boUs selected at random from 
each line culture and are intended to do no more than convey an idea of mean 
values. 

The mean weight of kapas per boll was obtained on the weight of one hundred 
bolls. 

The number of seeds per boll and number of seeds per loculi were determined on 
account of ten bolls. 

The weight of lint per seed and seed weight were determined on weighments of one 
hundred seeds before and after ginning. The weighments were carried out on suc- 
cessive days during the dry weather so that, as Hilson ^ has shown, the error due 
to fluctuations in humidity may be ignored. 


1 Hilson, G, R. Methods of Examination of Certain Characters in Cotton. JBulL No. 138, Agfi. 
iies. Inst., Pnsa, 1923. 
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Length of lint was calcuktecl ou measurements taken along the radius from the 
comlicd lialos of five seeds selected one each from five diircrent locks, a method used 
])Y Balls* and which, for all practical purposes, has keen shown by Hiison “ to give 
a signifLoant result. 

(riming jibi'ceMfage expresses tlie number of units of lint in a liundred units of 
hapas. The determinations were made from the Jcajms remaining after the other data 
has been recorded and it should be noted there is sometimes a sliglit varia.tion between 
this figure and that obtained from a calculation based on mean weigh i; of lint juv!' 
seed and mean seed weight. 

In conclusion, it may ])e stated that the above types are being maintained in pure 
cultures and the l)est ot them are being incorporated in breeding ex])erimeid;s to 
evolve a better type of cotton for the Wagale tract of Burma. 


1 Balti, W. L. The Dovelopiireui .and Properties of Raw Cotton, li)15. 

2 he, c'U. 
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A fisktfmt io Ihe Mycologid to Grmrwment of tlie 

( Received for publication on IStH Peccmlicr 1020.) 

Introduction. 

For many years past ifc lias been known that some varieties oi cotton in certain 
fields ])ecomc badly infected vitli “ wilt ”, whereas the same varieties in other fields 
remain healthy. For example, Romim has been found to lie so susceptible to this 
disease that its cultivation in these “ wilted ” iiclds is not economical.^ From wilted 
cotton plants Fnsaria f.pp., have been isolated, especially one particular species 
more often than others. Investigations were therefore undertaken, first, to com- 
pare the soil Fiimria of " wilted ” and “ non-wilted ” cotton fields with the 
Fmaria isolated from wilted cotton plants, and secondly, to study their parasitism. 

For these investigations, isolations of Fusaria have been made from time to 
time during the years 1923 to 1925, (A) from samples of soils taken in Nagpur from 
(]) fields in which Roseum and other auscejitible varieties of cotton have been for 
several years known to be badly wilted, (2) from fields in which the same 
. of cotton have remained healthy, (3) from a field, which we shall call fielc 
in which wilt ” was of recent occm-rence and (B) from wilted cotton 
received from various parts of the Central Provinces and Berar. 


Method of isolating Fusaria from soil. 

Samples of the different soils were taken by means of a sterilized soil borer. By 
the use of this instrument a cylindrical lump of earidi, one inch in diameter and 
eight inches deep, was obtained. Eacli sample of soil was thoroughly shaken 
with a litre of sterilized distilled water in sterilized glass vessels. The mixture w^as 
allowed to stand overnight. The following day the siipwiiatant liquid was removed 
by a sterile pippette and mixed with sterilized rcsiii agar, previously melted 

* The anther wishori to expresd his ackuowlc(lgmeiit3_to the Indian Central Cotton Committee for 
the financial help given by them fur the inveHtigation of this problem. 
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and cooled to 40°C., in the proportion of 1 c.c. of the supernatant liquid to 50 
c.c. of the melted agar mcdiiini. . This inoculated nutrient inediuin was then placed 
in sterile Petri dislics. Fungus colonies were visible in about three days' time. 
This medium liad the advantage of checking completely bacterial growth ; but 
the growth of fungi was very poor and after several trials it was found that tiie 
addition of I ]ier cent. Leinco and 2 per cent, glucose gave a much better 
growth. Therefore, this modified resin agar***' was used in later isolatioiis. 
Fiimimn colonies were very often overrun by quickly growing fungi, like 
Mucov, P&iimllmm, Aspergillus, etc. 

Fusaria from cotton soils and from wilted cotton plants. 

From the cotton soils seven distinct strains of Fusaria have been repeatedly 
isolated. Of these, three strains were isolated from each of the three kinds of fields 
mentioned above and also from wilted cotton plants. One strain was isolated 
only from a “non- wilted” field, another strain only from “wilted” fields and 
the remaining two strains were obtained only from the field A. 

Specimens of diseased cotton plants were obtained from several places in tbe 
Central Provinces and Berar and from Ujjain in Central India. From these speci- 
mens four different strains of Fusaria in addition to a species of Rhizodonia have 
been isolated. 

Of these four strains of Fusaria horn wilted cotton plants, one strain is entirely 
diferent from tbe seven distinct strains so far isolated, from the soil. The other 
three strains are identical with three of the strains from the soil. 

!Mr. G. S. Kullcarni from Bharwar very kindly sent a culture of the Fusarium 
on cotton, isolated by him from diseased cotton plants. 

Every Fusarium tliat was obtained from wilted cotton plants or soil was guI- 
tivatecl on a variety of nutrient media. By the end of 1925, altogether 40 Fusaria 
were isolated from different cotton fields in Nagpur. Innumerable cultures were 
also made from wilted cotton plants from different cotton tracts. From tbe study 
of these Fusaria on various nutrient media it was finally established that there 
were really only eight distinct strains. 

The nutrient media used were glucose agar, starch glucose agar, saccharose 
agar, potato extract agar, rice-meal agar, liquid potato extract, cooked potatoes, 
cooked wheat, cooked gram, and cooked rice. On cooked rice, the growth was very 
luxuriant ; most of the Fusaria developed beautiful bright colours and the fungus 
remained viable for several months. 


This mocHum was prepared as follows : — 

60 grams of res-in Aveio heated at aboxit R0° C. in one litre of tap -water for one hour and filtered. 
The filtered portion wa-s then made up to (jne litre and 25 grams of agar agar, 4 grams of Lemco 
and 20 grams of glucose were dissolved in it. The medium wan tlirn autoclaved at 15 Ihs. piessuic 
for 20 minutes. 
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For the purpose of comparison of growth, mode of development, colour jjroduc- 
tion, spore formation, etc., on these media, each of the Fusaria was siilKoiltured 
on the sa,me day and on the same medium in three or four flasks or tubes or Petri 
dishes. The quantity and quality of the medium were the same in every case and 
tiie flasks or tubes or Petri dishes used were of the same size. For agar media 
tubes or Petri dishes were used and for liquid media and media such as cooked rice, 
etc., Erlenmeyer flasks of 250 c.c. capacity were used. 

A complete record of the changes in colour and of growth of each of these cul- 
tures was kept for several months and observations were recorded every third or 
fourth day. All colour determinations have been made with the help of the fol- 
lowing publication : — 

“ Repertoire de Coulcurs des Fleurs des Feiiillages et des Fruits ” published by 
La Societe Fran^aise des Chrysanthemistes et Eene Oberthiir, (1906). 

The cultures were studied both microscopically and macroscopically. Several 
s])ore measurements were taken from each culture and the average length and 
breadth of 1—, 2—, 3-—, or multiseptate spores were ascertained. The form, nature 
of septation, abundance of mioroconidia, nature of the sporodochium, hypha mea- 
surements, and shape, size and presence ox absence of chlamydospores were also 
studied. 

Description of various strains. 

It is not necessary for the purpose of this paper to describe critically all the 
soil Fusaria so far studied. We shall here confine ourselves to the description only 
of the four strains of Fusaria that have been isolated from wilted cotton plants. 
As already noted, three of these have also been foimd in cotton soils and the fourth 
Fusarmm has so far not been obtained from the soil, but presumably it must be 
ju’esent. 

Strain A. 

This strain was isolated from most of the wilted cotton plants obtained from 
Nagpur, Wardha, Alvola, Murtizapur, Drug, Borgaon, Dharwar and Ujjain. It 
was also isolated from ‘‘ wilted ” and “ non-wilted ” cotton fields. 

This fungus shows variations in colour when it is grown for several generations 
on cooked rice. In the first two or three generations it developes a violet colour, 
but in later generations the colour is at first violet, which soon changes to violet 
purple and finally becomes scarlet red. (Plate II, figs. 1 and 2). 

On cooked rice it has usually an aerial growth, which is sometimes cauliflower 
l&e. On rice-meal agar the colour is at first pale light lilac, which changes to Bi- 
shop’s violet and finally becomes bright violet purple. On this agar medium the 
growth is concentric and at first slimy, but later the central portion becomes 
powdery, though the concentric development persists. 




=>= Ajrekar, S. L., and Bal, D. V. Observations on the Wilt Disease of Cotton in the Central 
Provinces Ac^yi. ./ow. Zwdia, Xyi, 1921, p. 698-617. 
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Microspores vary in sliape, are hyaline in colour and measnre 9 — 18(j.x3 — 4p, 
average 12x3'4p. ’ Macrospores are falcate in shape, one end being slightly in- 
curved, liralinc in coloin and are one to five septate ; iisimlly three septate. (PI. 
in, Pig. i) Macrospore measurements on glucose agar from a 10 days’ old culture 
are as follows 

1— septate, 15-25[xX3-P6{i, average 20x 3*5(2 ; 

2~septate, 20-30(2 X3*6-5(X, average 25-5 X 4(2 ; 

3 — septate, 25-50(1X4-6(2, average 34 x4-5(2 ; 

4- 6— septate, 38-50(2 X 5-6(1, average 43 X 5(2, 

Hyphae are 2-6(2 broad. Chlamydospores are generally present in old cultures. 
They are round or elliptical, intercalar or terminal and measure 5-10(2 X 6-1 Op, . 
(Plate III, 6g. 4). In old cultures, at times, the walls of one or two cells of the macrc» 
spores become thickened. These cells look like chlamydospores. (Plate III, fig. 
3). 

Sclerotia are formed on cooked rice, cooked wheat, rice-meaP- agar and other 
starchy media, especially if they are dry. On cooked rice, sclerotia are generally 
coloured violet or scarlet red. On sucrose agar, they may be blue or brown. In 
transverse sections the sclerotia show a hollow centre whicli may be partially filled 
with strands of hyphae from the cortex. The cortex is composed of pscudo-pareii- 
cliymatous cells, and is ringed by a closely matted tissue, which is hard and gene- 
rally coloured. Neither the development of sclerotia, nor of the pigment in tliem 
is found to he a constant character. As a rule, the sclerotia are developed in the 
first one or two generations after the fungus has been isolated from ])lants or soil, 
but they may’' appear even in later subcultures. Once tliey’' are developed, they 
do not necessarily continue to be formed in subsequent snluniltures. The two 
strains described hj’' Ajrekar and Bal* seem to be identical in every respect with our 
strain A. They consider their two strains to he distinct from each other, although 
they are identical in .all other r(ispects except the colour of sclerotia. From our 
work it seems doubtful if the difi'erence in colour of sclerotia can be considered .an 
important point in separating these strains which .arc otherwise identical. 


This strain has been isolated from some of the wilted cotton plants from Nagpur 
and Hinginghat and also from “ wilted ” and “ non-wilted ” cotton fields. 

On cooked rice the aerial mycelium on the surface of the medium is invariably 
pink in colour, which does not change even when the culture is several months old, 
wlieresis the submerged mycelium is at first , violet heliotrope which changes to 


Strain B. 
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deep violet. Tiiis violet pigment is also taken by tlie rice grains. The growth 
is aerial, but not as much as in strain A, and is cauliflower lilce. On ricc-meal 
agar it develops a light lilac colour which soon changes to pink'. Tlie 
aerial gTowtii on this medium is more or less always powdery and generally conliued 
to tlie .siixl'ace, but it is never slimy or concentric. 

Microspore^ measure S-15 [jlx2-5|i : average 10 x3-5(x. Macrospore measure- 
ments oil glucose agar from a 10 days; old culture are as follow - 

1 — sejitatej 14-25p.x 3-5^5 average 21 x3*5|x ; 

2 — septate, 18-26|xX3-5fx, average 21 X dp, : 

3— septate, 23-50p x4“5|x, average 86 X 4- Ip ; 

oo — septate, 50-G0p x 4*6-6p, average 55 x6p ; 

Hy])}»ae are 2-6p broad. Chlamydospores are entirely absent. Sclerotia are 
very seldom formed and are brown or pink in colour, wlieii grown on. cooked rice. 
The growth of this strain is very rapid ; almost three times as rapid as that of strain 
A. ■ 

Strain C. 

Tins strain has been isolated only from wilted cotton jdants from Nagpur and 
has nut so far liccn isolated from any of the soil samples. On cooked rice it always 
dovel()[ts a white cottony aerial growth. It is characterized by the fact that it 
docs not develop any coloin. On rice-meal agar the growth is submerged, slimy 
and colourless. In old cultures stray hypliae might at times become aerial. 

The production of microspores is very poor. At times they are only produced 
when the culture is several months old. They measure 8-15px2-5p ; average 
lOxSp. The development of macrospores is poorer still and their measurements 
on glucose agar from a 10 days’ old cuiture are as follow - 

1^ — septate, 20-25p x3-5p, average 22x 3-9p ; 

2— septate, 24-30p x4-6p, average 27 x4p ; 

3 — septate, 30-48p x4-5*op, average 39-5 x4-2p ; 

'io— septate, 44-53p x5-6‘5p, average 50 x5p . 

HypLae are 2-5p broad. Chlamydospores are rare and are found only in some 
of the old cultures. They are round or elliptical, terminal or iiitercalar and measure 
10-r2p X J2-14p. (Plate HI, fig, 8). Sclerotia are wholly absent. 

Strain I), 

'riiis F/'ffanviu. has only been isolated from dead cotton plants left standing 
in the fields for some time. Its spore masses form a blue encrustation on the 
siibteiTancan parts of the dead cotton plant. It has also been isolated from the 
“ wilted ” and uon-wilted ” cotton fields. 
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I 3[ie'P0sp0i’cs vai’Y in sliape, are hyaline in colour and measure 9-^ 18[j.x3 4(1, | 

! average l-2x3-4|ji. hJacrospores are falcate in shape, one end heuig slightly in- li 

;* curved, hyaline in colour and are one to five septate : usually three septaie. (M, ] 

■ ' ni, Pig. i) IMacrospore measurements on glucose agar from a 10 da}^s’ old culture ,• 

; ; are as follows : — s 

' 1 — septate, 16-25(xX3-4*5[x, average 20 X3-5[J. ; 

2~septate, 20-30{x x3-5-5{x, average 25-5 x4[i ; 

3— septate, 25-50^ x4-6tJt, average 34 x4-5Ei ; 

I 4-5— septate, 38-50{ax5-6(ji, average 43 X6p. 

■ Hyphae are 2-G^ broad. Clilainydospores arc generally present in old cultures. 

They are round or elliptical, intercalar or terminal and measure 5-10p.x6-10[j,. 

{Plate III, fig. 4). In old cultures, at times, the walls of one or two cells of the rnacrc- 

’ spores become thickened. These cells look lilve chlamydospores. (Plate III, fig. 



3). 

Sclerotia are formed on cooked rice, cooked wheat, rice-meal agar and otlicr 
starchy media, especially if they are dry. On cooked rice, sclerotia are generally 
coloured violet or scarlet red. On sucrose agar, they may be blue or brown. In 
transverse sections the sclerotia show^ a hollow centre which may be partially filled 
with strands of hyphae from the cortex. The cortex is composed of pseudo-paren- 
chymatous cells, and is ringed by a closely matted tissue, wdiicli is hard and gene- 
rally coloured. Neither the development of sclerotia, nor of the pigment in them 
is found to be a constant character. As a rule, the sclerotia are developed in the 
first one or twm generations after the fungus has been isolated from jdanl.s or soil, 
but they may appear even in later subcultures. Once they are develo]:>ed, they 
do not necessarily continue to be formed in subsequent subcultures. The tw'o 
strains described by Ajrekar and Bal* seem to be identical in every respect with our 
strain A. They consider their two strains to be distinct from each other, although 
they are identical in all other respects except the colour of sclerotia. From our 
w’-ork it seems douhtfid if the difierence in colour of sclerotia can be considered an 
important point in separating these strains which are otherwise identical. 


Strain B. 

This strain has been isolated from some of the wilted cotton plants from Nagpur 
and Ilinginghat and also from “ wilted ” and “ non-wilted ” cotton fields. 

On cooked rice the aerial mycelium on the surface of the medium is invariably 
pink in colour, which does not change even when the culture is several months old, 
whereas the submerged mycelium is at first violet heliotrope wdiich, clianges t(> 

* Ajrekar, S, L., and Bal, D. V. Observations on the Wilt Disease of Cotton in the Central 
Pfovinces /owr. 1921, p, 698-617. 
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deep violet. This violet juigment is also taken by the rice grains. Tiie growth 
is aerial, but not as much as in strain A, and is cauliflower iilce. On rice-meal 
agar it (levelo]!B a light lilac colour winch soon changes to pink. The 
aerial growtli on tills medium is more or less alw^ays powdery and generally confined 
to the surface, bat it is never slimy or concentric. 

Microsjxiies measure 8rl5|aX2-5(i. ; average 10x3-5p. Macrospore measine- 
ments on glucose agar from a 10 days’ old culture are as follow :-— 

1— septate, 14-25!iX3-6p, average 21 X3*6g ; 

2 — septate, 1 8-26p,x3-5g, average 21x4[a ; 

3— septate, 23-50p x4-5ji., average 36 x4''l|x : 

«o — septate, 50-60[jL x4*6-6p,, average 65 X5(x ; 

llyphae are 2-6[x broad. Chlamydospores are enthely absent. Sclerotia are 
very stiklom formed and are brown or pink in colour, \\hen grown on cooked rice. 

The, growth of this strain is very rapid ; ahnost three times us rapid as that of strain 
A.' ■ ■ 

Strain C. 

Tliis strain has been isolated only from wilted cotton plants from Nagpur and 
has not so far been isolated from any of the soil samples. On cooked rice it always 
develops a white cottony aerial growth. It is characterized by the fact that it 
does not develop any colour. On rice-meal agar the growth is submerged, slimy 
and colourless. In oldjndtures stray hypliae might at times become aerial. 

The production of microspores is very poor. At times they are only produced 
when the culture is several months old. They measure 8-15 [jlx2-5|j, ; average 
10 X 3{i. The development of macrospores is poorer still and their measurements 
on glucose agar from a 10 days’ old culture are as follow : — 

1 — septate, 20-26(1 x3-5(i,, average 22x 3*9(j. ; 

2— septate, 24-30[j. x4-5p,, average 27 x4p ; 

3 — septate, 30-48[x x4-6-6[jl, average 30-5 x 4’2(j, ; 

«o —septate, 44-58(1 X 6-5-6(i., average 50 x 5(x , 

Hjidiae are 2-5(1 broad. ClJamydospores are rare and are found only in some ; 

of the old cultures. They are round or elliptical, terminal or iiitercalar and measure 
10-12(1 X 12 - 11 ( 1 . (Plate III, fig. 8). Sclerotia are wholly absent. 

S'HKAIN D. 

This Fumi'hnn. has only been isolated from dead cotton plants left standing 
in the fields for souie time. Its sjjore masses form a blue encrustation on the 
subterranean parts of the dead cotton plant. It has also been isolated from the ' ■ 

“ wilted ” and “ non-wilted ” cotton fields. 
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On cooked rice and rice-meal agar tins fungus develops a dirty white aerial 
growth. The sj^ore masses are %ht blue in colour, but the spores are hyaline, 
though the spores from the blue sporodoehia on the subterranean parts of the dead 
cotton plant are light blue in colour. 

Microspores measure 10-15|i.x3-4(x ; average 12x3*0{ji and are abundant. 
Macrospores are smaller and broader than those of the other strains described above. 
The tips of the macrospores are slightly rounded. They are one to seven septate, 
usually three or four septate (Plate III, fig. 9). Macrospore measurements on 
glucose agar from a 10 days’ old culture are as follow : — 

1 — septate, 13-22{jiX 3-4*5{ji, average 17*3 x3'9{i. ; 

2 — septate, 18-26{iX4-6[x, average 25x4-lg ; 

3 — septate, 25-40(jLX4-6-5(jt, average 32-8 X fig, 

4 — septate, 33-45p x5-5*5(Ji, average 39*6x5* Ip, ; 
oo — ^septate, 40-50p. x5*5-6{Jt., average 42*5 xOp. 

Hyphae are 2 - 6 (i, broad ; chlamydospores are terminal or intercakr and measure 
10-15 |jlx8-10(jl. Sclerotia are commonly developed on all media. 

Inoculation experiments. 

These experiments were conducted during the cotton seasons of 1924-1925, 
1925-1926 and 1926-1927. 

At the time when the inoculation experiments were undertaken in 1924 there 
were under study about 25 Fumria isolated from different soils and wilted cotton 
plants, as already stated. Of these Fusaria only 16, -which appeared to be more 
or less different from each other, were used for the inoculation experiments, because 
the remainder were definitely found to be identical with one or the other of these 
16 strains. From further critical study of these strains, it vtis finally established 
ill 1925, that there were really only 5 distinct strains or species. 

The soil was steam sterilized for two hours at 140°C. under about 37 lb. preti* 
sure. The pots were soaked overnight in formalin solution, sun dried for a few days 
and then filled with the sterilized soil. 

Two varieties of cotton •v’^ere used for these inoculation experiments of 1924. 
One was a variety of Verum known as AKg, which is as badly susceptible bo wilt ’ ■ 
as Roseiim, and the other was AK 4 , a YSkviety oi Mahends, which is partially re- 
sistant to “ wilt ”, Inoculations with each of the 16 strains were done in three 
series and for each of these strains in every series there were one lot of plants of AKg 
and one lot of AK 4 plants. 

Series I. 

The soil in the pots was heavily infected with one of the 16 Fusaria by mixing 
thoroughly in it the contents of a culture growing luxuriantly on a nutrient medium. 
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The soil iafection was clone in tlie middle of June, 18 days before the cotton 
seeds were socvu in it. The pots with the infected soil were watered once daily after 
the addition of the inoculum. 

Seeies II. 

Soil in the pots was similarly infected in th's series as in series I, but the inoou- 
Int ions were done just before so^ng the seeds. 

Series III. 

ill the third series the inoculations were done when the plants were 15 days old. 
Tb,o roots round each of the plants were exposed by digging the .soil round them. 
Rome of the roots were deliberately cut. The inocidiim was placed on the exposed 
and wounded subterranean parts of the plants and they were then covered again 
with the soil. This third series was divided into two lots, in one of which the in- 
oculations w^ere done only once, as described above and in the other the inoculations 
were repeated about once a fortnight till the end of January 1925, when the ex- 
periment ended. 

All these inoculations were done in the plant house, where the pots were kept. 
This precaution was essential because it was found that plants iii pots, when brought 
to the laboratory from the plant house soon became limpid and their growing 
points and tender shoots drooped. These plants seldom recovered. There were 
about 500 plants, which were either inoculated or were grown in inoculated soil as 
mentioned above, in addition to a number of controls. ITone of these plants showed 
any signs of “ wilt There were a few deaths, both in the controls and in the in- 
oculation series, but these deaths were due to Ehizoctonia, which that particular 
year was responsible for many deaths in the fields as well. “ 

When at the end of the season, i.e., six months after the soil in the pots had been 
inoculated, it was found that there were no deaths from “wilt”, samples of the 
inoculated soil from series I and II were cultured on artificial nutrient media in the 
same way as described previously. Along with other fungi the Fiisaria which were 
used for inoculating a particular lot in the two series were re-isolated in every case. 
This shows that the F maria used for the inoculations remained viable in the soil, 
but were incapable of infecting the plants. 

From a critical study of the 16 Fiisaria used for inoculations in 1924 it was ul- 
timately established that there were really only 5 distinct strains of Fusaria. These 
5 strains were used again for the inoculation experiments in 1925. In addition 
to these, the Fusarimn, which Mr. Kulkarni had kindly sent from Dliarwar, was 
also used. As already mentioned above, of the 4 strains from wilted cotton plants 
one strain (strain A) has been isolated more often than others. Five cultures of the 
strain A isolated from “ wilted ” cotton plants obtained from five different places 
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viz.. Nagpur and Wardha in the Central Provinces, Akola and Murtizapnr in Bcrax 
and Ujjain in Central India and three cultures of the same strain isolated frora. 

“ wilted ” and ‘mon-wiited ” cotton soils were used for the inoculation experiments 
of 1925. Similarly, two cultures of the strain B isolated from wilted cotton plants, 
o])tained from Nagpur and Hinginghat and three cultures of the same strain iso- 
lated from “ wilted ” and “ non-wilted ” cotton soils were also used. 

The methods of inoculation were the same as in 1924 ; the varieties of cotton 
used for inoculations also being the same. In all, about 700 plants were inoculated, 
but none of them took the infection. 

In another inoculation experiment, a different, method was employed. Plants 
grown in pots three feet high •were used for this experiment. By forcing in a thick 
iron rod at different depths of the soil, several holes varying in depth from three feet 
to one foot were made in each pot. In the process of making these holes some of 
the roots were necessarily injured. These holes were completely filled with 
w^ater containing healthy cultures of the fungus to be inoculated. For this experi- 
ment the following strains were used : — 

(1) Strain A isolated from wilted cotton plants obtained from Nagpur. 

(2) The Fusarium received from Dharwar and which as already noted is con- 

sidered to be similar to strain A obtained from Nagpur and other 
places. 

(3) Strain B isolated from •wilted cotton plants obtained from Nagpur. 

(4) Strain C isolated from wilted cotton plants obtained from Nagpur. 

None of the plants in the inoculated pots suffered from “ wilt 

This year (1926) inoculation experiments were again repeated on the same lines 
as in previous years, with the exception that only one variety of cotton, AKg, a 
strain of Verum, easily susceptible to "wilt,” was tried. In addition to the 5 strains 
used for inoculations in 1926, 3 more strains isolated from different cotton fields 
were used this year. About 600 plants were used for the inoculation experiments. 
As in previous years, there were three series of these experiments, viz., (1) series 
I, in which the fungus used for the inoculation was thoroughly mixed with the soil, 
8 days before cotton seeds were so-wn in it, (2) series II, in which the fungus was 
mixed "with the soil at the time of so-wing and (3) series III, in which the soil was 
infected when the plants were a month old. Series I was inoculated on the 14tli of 
July and the seeds were sown on the 22nd. Series II was sown and inoculated on 
the 22nd July and series III was also sown on the 22nd and inoculated a month 
later. The results of these experiments are interesting and therefore a detailed 
account is considered necessary. 

The rains commenced about the beginning of July, but the sowing had to be 
delayed till the 22nd, because till the 18th, it rained almost every day. From the 
beginning of August for about six weeks there was more or less rain almost every 
day. During this period when the air humidity ranged between 68 to 88 per cent, 
the soil in pots remained constantly water logged, as the sun was hardly visible. 
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The cotton i^Iants were badly affected by a Rhizoctonia on the leaves. This disease 
was common not only in oiir three series of inoculation experiments, but plants 
grown m imsteriiized “ non-wilted ” cotton soil were also equalh^ badly affected. 
Ihongh the attack of Rhizoclonm was so general, still the nltiiiiate effect of the 
disease was not the same in every case. Some of the plants in the uusteriiized 
non-wilted " soil began to die from about the middle of August and in the sterilized 
son a few plants were observed to die, but only in the series I and II inoculated 
wnth stram A. In series I and 11 inoculated with other strains of Fusaria 

deatlis. After the break in the continuous wet period the incidence 
oi hliizocfoma decreased and there were no more deaths in any of the pots. 
During this wet period, out of 200 plants in series I and II inoculated with 

strain A unly 47 plants had died. 

The dead and dying plants in series I and II and in the unsterilized “non-wilted 
soil were inacroscopically and microscopically different from typically wilting plants. 
In the former case, the leaves turned brown, were crisp and brittle, and began to 
turn inwards from the tip towards the base and the leaf stalk remained erect. In 
typically editing plants there is a drooping of the leaves due to loss of turgiclity, 
they are soft to touch, there is a general loss of the green colour, they do not neces- 
sarily turn brown, their margins roll inwards from the sides and the leaves usually 
drop before they loose completely their green colour. (Plate I, figs. 1 and 2). The 
stem of the^ wilted plant begins to turn brown from top downwards and occasionally 
tliis browning may be checked and new shoots may arise from the lower nodes, 
whereas in the diseased plants of our experiments there was a general dying of 
the whole plant and there were no cases of recovery. In a wilted plant when the 
bark is removed, longitudinal brown streaks are \dsible on the wood ; these were 
not visible in the dead and dymg plants mentioned above. Transverse sections 
of the subterranean parts of wilted plants show typical browning of the vessels 
and clogging of the lumen of the vessels with some gummy substance. Again, they 
give typical pink colour reaction when stained with an alcoholic solution of 
Alizarin sulfosaur natron. Hyphae are present in the vessels but very few. 
In the dead and dying plants of our experiments transverse sections showed 
slight brownmg, which gave no colour reaction with Alizarin sulfosaur natron, 
and the vessels were filled wdth hyphae. In both cases Fusariuni strain A was 
isolated from dead and dying plants. 

Series III sown on 22nd July w^as inoculated on the 22nd August. RMzoctonia 
ajipeared on the leaves as in other series, but in tins case there were no deaths. 

These experiments show once again that in “non-wdlted” soil the Fusanmn 
which is generally found in^ wilted cotton plants is present. They further prove 
that the mere presence of tins fungus in the soil as in the artificially inoculated soils 
does not produce “ wilt It is evident that this particular fungus is not a virulent 
parasite on cotton plants, since it was found in plants, both in the inoculated and in 
the uniuoculated series, only when the plants were attacked by Rhizoctonia. 
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This year in tlie unsterilized non-wilted ” cotton soil, there were a few cases of 
typical “ wilt ” during the jirolonged wet period mentioned above. Out of 400 
plants, 10 plants were typically wilted. These wdlted plants were different both 
niacroscopically and microscopically from the dead and dying plants of our series 
I find II described above. Though the same Fusmium was isolated from these 
typically wilted plants as the one from the dead plants of inoculated sterilized soil 
and uninoculated unsterilized “ non-wilted ” soil, still the effect of the fungus in 
both cases was entirely different. 

Summary. 

1. Four distinct strains of Fiisayiwm spp, have been isolated from wilted cotton 
plants received from several places in the Central Provinces and Berar. A brief 
description of each of these strains is given. 

2. Strain A isolated from wilted cotton plants and from “ wilted ” and “ non- 
wilted” cotton soils is considered identical with the Fusarium received from Mr. 
G. S. Kulkarni of Dharwar. 

3. Strains I and 11 of the Fusarium described by Ajrekar and Bal are considered 
to be identical and they seem to be similar to our strain A. 

4. Seven distinct strains of Fusarium were isolated from soil samples of “ wilted ” 
and “ non-wilted ” cotton soils. Of these, three were found to be common to ‘‘wilted” 
and “ non-wilted ” soils, and were similar to strains A, B and D obtained from wilted 
cotton plants. One strain was isolated only from the “ non-wilted ” soil, another 
only from the “ wilted ” soil and the remaining two strains were isolated only from 
the field A. The eighth strain has been isolated only from some of the wilted cotton 
plants from Nagpur. 

5. The parasitism of all the strains of Fusaria so far isolated from various sources 
was tested by inoculation experiments during the cotton seasons of 1924-25, 1925- 
26 and 1926-27. Inoculations were done by either heavily infecting the soil with 
vigorously growing cultures, one or two weeks before sowing seed, or at the time of 
sowing seed or when the plants were two to four weeks old. Some plants were in- 
oculated once every fortnight for six months. None of the inoculated plants suffer- 
ed from “ %vilt 

6. From the inoculated soil the fungus used for the inoculation was re -isolated 
six months after the soil had been infected, showing thereby, that the Fusarium 
remained viable in the soil, but was incapable of infecting plants sown in the in- 
oculated soil. 

In conclusion, the writer wishes to thank Mr. J. F. Dastur, Mycologist to the 
Government of the Central Provinces, for the help he has given in carrying out 
these investigations. 
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I. A typically wilting plant, variety, a Verum AK. 



PLATE 



. 1 and 2, one month old cultures of Fusanum strain A on cooked rice. Fig. 1 shows the fungus several generations old. Fig. 2 is of tl^ 
the second generation. Note the sclerotial masses In Fig. 2. Fig. 3, one month old culture of r asan’um strain B on cooked nee. ri! 
month old culture of Fusarium strain C on cooked rice. Fig. 5, one month old culture of Fusarium strain D on cooked nee. 
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Macrospores and microspores of Fmarium strain D on glucose agar from a 10 days' old culture X 450. Fig. 1 1 , Chlamydospores 
from Fusarium strain D X 450. 
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I. Introdiuction. 

The Kolmnba variet}'' oi rice is the most important of all those grown in tlie 
North Konkaii in the Bombay Presidency and the neighbouring country not very 
high above sea level. The chief centre of its cultivation is the Thana and Kolaba 
Districts. The adjoining parts of Surat, Batnagiri, Ahmednagar, Satara and Poona 
take an almost negligible share in the cultivation of the variety. The actual acreage 
under this rice is not easy to determine. An approximate idea can, however, be 
formed. The total rice area in the Thana and Kolaba Districts is nearly 600,000 
acres, and in the neighbouring districts it is about 200,000 acres. ^ In this area 
about fifteen different types of rice are grown, many of which are, however, inferior, 
and are only cultivated where the better kinds will not grow. Of the superior 
types, the authors estimate that at least 200,000 acres are covered by the Kolamba 
rice, and its cultivation is rapidly spreading wherever it can be grown. 

Kolamba rice is said to owe its name to a kind of prawn called Kolambi or 
Kolambya, which is generally eaten with this type of rice by the fish-eating popula- 
tion. The rice may be said to be somewhat lacking in flavour which is given to it 
by the prawn in question. This theory suggests that the variety originated near 
the sea coast, and this is in accordance with other indications. It appears that 
until less than a generation ago, except near the coast, the varieties chiefly grown in 
A\'hat is now the Kolamba area were those known as Patni and Tawsal wliioli have 
much coarser and loss translucent grains. The Kolamba variety, however, became 
popular in and near.Bombay, where it commands a much higher ];)rice than the other 

1 Season and Crop Eepoxfc of the Bombay Presidenoy, 1923-24, 
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coarser and inferior sorts. It has now spread right Ui? to the foot of the Western 
Ghats, blit has not gone much "beyond them. The area now occuiiied contains about 
eight sub- varieties of liolamha rice. The differences between them will lie described 
later. 

As has already been stated, the cultivation of the variety under discussion is 
steadily increasing, and there is a great traffic in it to Bombay. There are numerous 
mills which devote themselves to hulling and polishing it, particularly in the Thana 
District. The finished product is often termed Kalijmi rice, as much of it is sent 
out from this centre. It is largely consumed by the middle and upper class popula- 
tion in "Bombay and its suburbs, and in Gujarat, Baroda and Kathiawad. To 
the cultivators, it is ahnost entirely a money-making crop, with a high cash value. 
As for their consumption, they prefer coarse types of rice whicdi can be purchased 
fifteen or twenty per cent, cheaper but which are better in nutritive value. In 
place of Kolmnba, tliey often use Eaiigoon rice which is generally cheaper even 
than the local coarse rices. The landlords often make it compulsory on their tenants 
to grow Kolnmh'i rice, especially wdiere there is the system of share rents, as this 
brings a high price in Bombay. 

Kolamba rice is very fine, with white translucent grains. These are also hard 
and flinty. Though this rice has no smell or flavour, its slender and fine grains 
retain their general form when cooked, and do not turn into a sticky mass as the 
grains of the softer and coarser rices do. It also takes a fine polish in the mills, 
and presents a crisp and inviting appearance when served as a dish. The importance 
of fineness and crispness is so great that the richer classes often prefer it even to 
some of the scented rices like Amhe MoJior and Kmnod. The former of these is 
not so trans’ucent and the latter not quite so fine as Aolam&a. - 

Kolamba rice is, moreover, the chief type exported from the Thana Disrictt 
and is in demand from other parts of India, (Burma, Madras, Sind, Gujarat, Kathia- 
wad) and from other countries (Arabia, Persia, East Africa, Natal, Zanzibar, etc.). 
In the latter case, it is taken apparently for the use of the "Indian population. The 
actual exporting centres are Bombay, BMwandi and Panwel, and direct cargoes go 
even from the latter places as far as Kathiawad. 

The average yield of the rice crop per acre in the North Konkan may be taken 
at about 2,000 lb., and the crop is very regular and certain. What with high rents 
and high costs for labour, the margin of profit to the actual cultivators, however, 
is not very great, and as a result, it is important that the yield per acre should be 
increased. This can, of course, be attained by more intensive cultivation and 
manuring and also by the selection of types of seed which give a higher yield per 
acre. The former method of increasing the produce per acre does not affect us here, 
but the latter method has been successfully follow'ed in the work to be described in 
the present paper. The basis of the selection undertaken has been bulk samples 
received from the cultivators of the Kolmvtba area, which have proved themselves 
mixtures of widely differing types of very different economic value. 
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1 . Showing the method of recording plant to plant measurements and observations, and of Showing all tillers reaching nearly the same height, and the erect nature of the ph 

bagging to prevent natural crossing. 
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The work to be described was commenced in 1918 by tlie lat j IT. M. Ciiibber, 

but he, unfortunately, did n.ot live to see the results of his labour. After his death, 
the work was continued by the present authors. When commenced, it v^as carried 
out at two centres, nainety Alibag in the Kolaba District, and Jambul in the Thana 
District, in 1919 the whole was transferred to a rice research station established 
at Karjat in the Kolaba District and the present authors have carried it on at this 
centre since 1921. This centre is very representative of the Eolarnba rice tract. 
The basis of the selections were buHc samples collected in large number in Thana, 
Surat and Kolaba in 1918, 1919 and 1920. The methods used in growing the samples 
were those of the district with only such deviations as were needed for experimental 
accuracy, or for facility in uniform transplanting and even spacing. Thus, single 
plants alone were used for transplanting, and they were put in straight lines with 
enough space on each side for easy movement for observation. The plants intended 
for seed purposes have always been bagged (Pi. I, 1) since 1920 to maintain their 
purity by preventing natural cross fertilization. 

From the bulk samples grown in 1918, 210 plants were selected on the basis of 
morphological characters supposed to have a more or less direct bearing on high 
yield and earliness. Bough yield comparisons have been carried on since 1919. 
They were at first based on the produce of an equal number of plants in the diffe- 
rent cultures. The number of plants forming the basis of comparison, was 200 in 
1919 and 1,200 in 1920, in which year, each culture was repeated six to jiine times 
over the experimental area. On working out the yield comparisons of the 1920 
crop, ten samples gave promise of being useful. Of these, eight were promising in. 
yield and fineness of grain and two were very early in ripening though coarse in 
grain size. The purity was not, however, certain- and an elaborate programme 
was adopted in 1921 and 1922 to determine and maintain the parity of the types, 
and to study them closely under uniform conditions in the various cultures. These 
plans involved detailed notes on the various cultures, regarding special features, 
and plant to plant measurements, weights and counts in the field and in the labora- 
tory of all the important characters of the drfi'erent types. This has enabled a very 
high standard of purity to be reached among the types, while numerous rejfiications 
of every important selected type with the usual cultivators’ seed have given the 
possibility of very accurate comparison of yield. 

n. The Koiamba rice s the material for selection. 

The Kolamha rice is known by three names in difierent parts of the tract where 
it is grown. These are (1) Koiamba, the most common name, and one recognised 
everywhere, (2) Rata, or Tamhada, a name chiefiy used in the Thana District, and 
chiefly, if not exclusively, employed to denote the reddish husked, comparatively 
coarse and somewhat inferior types generally and (3) Blmrya, whicli is also chiefly 
used in the Thana District, and specially denotes the pale husked fine superior types , 
also kpown as Zinya, 
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The above are names in coiniiioii use. But tliere ai’c a number of well .L‘{^cognised 
agricultural types, distinctly separated by the growers oi tlio variety, wliosc cliurac' 



teriaiics are noted below : — 

L This is a tal! type, with a long panicle carrying a, comparatively 

small uiiinl)or of branches and a smaller number ot large sized grains. This is at. 
jjre.sent grown in t 5 ertain parts < d‘ the. Ivolaba District only. Its erdtiva tion is steadily 
decreasing on ata-ouiit <if its coarseness and slight lateness in ripening. 

2, GhvAyu. This type is somewhat finer. Its panicle is rather <M)rnpact, lor 
which reason it is called Ghudya or cluster-grained. The husk is reddisli. in colour, 
whence it is also classed with the Rata or Tamhada types, both, of the terms meaning 
red. This can be grown with success on soils of medium fertility. It is reported 
to yield bcdler than tiie Zhiya types, t.o be mentioned next. But it commands a. 
sliglitly h.m-er price in the market for the reason of its eoiuparativo coarseness. 
This type is generally late and takes about 160 days for ripening. 

b. Ganm 7Juya. 'Fliis is the linesb tyjte in cultivation and in the market. The 
colour of the foliage is light green, and of the ripe husk pale, yellow. The grain is 
rather short, pronouncedly slender, and the tips of the kernel are pointed, ddiis 
is said to require a balanced condition of the soil as regards niamire. In fields with 
ordinary fertility it yields rather poorly, whereas in fields that are extra rich it 
turns to leaf and is spoiled badly. It ripens about a w^eek earlier than the Gkudy 
type. The husk fits the kernel rather loosely and is easily separable. It also shows a 
smaller proportion of husk to kernel when compared with other types, and for 
all these reasons it commands a higher price in the market. 

4. Halwa Zinya. This ripens about a fortnight to three weeks earlier than the 
Gama Zimja described above. It can be grown with success on lands which are 
extra rich in fertility and wdiere other types would invariably run to leaf. Thus 
this type does not suffer from heavy manuring, but under such conditions yields a 
fairly heavy crop, matching the late type in the matter of yield. It requires, however, 
very timely harvesting, otherwise it sufes from shedding of grains in the field, and 
their breakage in milling. The grain is longer and more slender than that of the 
Garwa Zinya and consequently may command even better prices than the latter, 

5. Ealwa GJmdya, also called ToJeadya. This is a reddish husked type compa.r- 
able to the Ghudya described under No. 2 above. The only difference between 
the twm is the time of maturity, the Hahm type maturing about two or three 
weeks earlier than the Ganca type. 

6. Korkadya. This type may be described as almost similar to the Ghudya 
type. It is doubtful if it is at all distinct from it. It may differ in the time of 
maturity, as the cultivators say that they grow'- it to distribute their lia.rvesting over 
a longer period. In this type the grain colour is just the same as that of Garum 
Ghudya, but in size and shape the grain, is rathe.r short and blunt at the ends, besidts 
it matures about ten days earlier than the Gama Ghudya. 
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7. Eachmya. Tliis is similax to Korkadya exce^^t that its grain, is slightly 
thinner and the two ends of tiic kernel are slight^ more pointed. 

8 and 9. Kmadya and Javarya. These two types arc particularly early. dMicy 
ripen about one inoiith in advance of other types. In grain size they a.n^ pro- 
nouncedly coarse and have comparatively thick keriuds. They are growjt on Idgh 
lying lands. They are a source of ready money to the cultivator in the early j)art 
of the season, as they have a ready market. The dealers purchase tlumi as they are 
cheap for mixing with the costly superior varieties. 

DfifceE of {he Kolamha rice crop. As has already Leon noted, this valuable com- 
nKn.‘cial variety of rice is a recent introduction, and hence its defects as compared 
with other types arc well r<icognized and often discussed. The cultivators complain 
tha,f. line grains are generally associated wdth low yield, and that in certain seasons 
paiiicuhirly there are many unhlied grains on the heads. Further, where the fields 
are -^ ery ricli, the crop is said to run to leaf and to produce many uneven and un- 
productive tillers, so that the ripening is uneven. Again, it is said, often to have 
Weak straw, and hence to be apt to lodge so that the grain is du.maged. In addi- 
t ion to these defects, it is liable to shed the grain badly if slightly over-ripe and 
to bo very sensitive to a shortness of water duiing the growing season. It is also 
liable sometimes to tho attacks of the stem borer which causes many earheads to 
; remain unfilled. 

I The miller who husks and polishes the grain complains of Kolaniba rice that 

} it is not uniform in size of grain and hence does not polish well, and further that 

'i it is apt to much breaking of grain during the milling operations. This means, 

of course, that the Kohmba lice is not even, as brought to the mills, so that the 
I coarser grains are broken and finer ones escape the polishing process. 

I It is obvious from these complaints that any selection must take account of the 

V defects indicated, and that the aim must be to obtain an even type suitable, as 

I I regards fineness, time of ripening and high yield. It should be strong in straw*, little 

affected by excess of manure or by shortage of w’-ater, and should not shed the grains 

^ seriously if slightly over ripe. It should also resist the attack of the stem borer. 

The need of such an even type with these characters is recognised in the Kolmdm 
growing areas. The better cultivators take a good deal of pains to reserve 
what they consider as the best of their seed for cultivation, though tliis best .may 
often be so only in appearance. Their methods of selection are two. One consists 
in collecting such grain as drops down near the stack while the sheaves liea])ed there 
are being removed to the threshing yard, and using this for seed purposes. The 
idea in this case is that the seed that drops in this way is Ikely to be heavy and well 
developed and lienee better suited for sowing purposes and .for securing a good 
^ yield. The other method consists in selecting large and heavy (Warheads from the 

' shea '.'c'.s i.ii the tlircshing yard for seed purposes. Both these methods are obviously 

used wdth the idea of getting high yield either by the use of heavy grain for seed, 
or by obtaining heavy earheads irrespective of the other important characters of 
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tlio iJ-'oit. Owing to tliG occiirrence of cross-fertilisation in tliis region and 

io t!ie fad; Ourt the tv’ijfs in cultivation are, hence, more or loss impure, tlie effect 
of ilieso nietliods in ].ij:odudi!g pure l-rooding plants with largo outturn tuid other 
tlfaiirable, e-lim-acters is I'crr limited. , Selection of the ]dant in the field, lansed on 
its various valua];I.e inliei-cnt characters including tillering, is not, in the authors® 
txpericiice, caiaied on in the Kolahiba area. The limited selection adopted has, 
apparej’tly, resulted in obtaining a predominance of types either with extreme 
fairness oh giaiii or peculiar colour of husk which are found in certain ])arts of the 
area. Thus it lias resulted iu some eases in an improvement of quality rather than 
in yield. ' . , 

The uhal tij-pe nj Kolamba ricG. Considering the conditions of growth and the 
demand of tlic market, it is possible to indicate in some detail the type of plant which 
selection sliould .aim to obtain. 

From the morphological point of view, the ideal Kolamba rice should have a 
medium height and a thick erect culm. Tall and thin stemmed plants, and plants 
with a bending and spreading habit arc easily swayed by the wind and are hence 
more likely to lodge. Leahness should only be moderate, as excessive develop- 
ment of leaf would lie. very objoc-tionable in highly manured fields near village sites 
or forest areas. A strong tillering habit is an advantage, provided tlie tillering is 
rapid and the earheads on the tillers reach abouf the same height as the main panicle 
and ripen about the same time as the latter. Otherwise, there is unevenness in 
ripening, and loss of quality and yield. This is a matter of special importance in 
a somew'hat free tiileriiig variety like Kolamba. Uneven ripening means shedding 
of the grain in the earlier formed earheads, or a large amount of breakage in 
milling of the unripe grains. 

The leaves of the plant should be glabrous, as there seems to be some correla- 
tion between hairiness of leaf and coarseness of grain. The jieduiicle should be 
rather short, as long peclimclcs are likely to break and to prevent the proper develop- 
ment of grain. The panicle should be long, large, compact and heavy, and have 
four or no sterile grains, while the grains themselves should bo fine. Awnless types 
are to be preferred to awned ones. 

The ideal type of Kolamha rice for the Thana and Kolaba Districts sliould mature 
within about 140 dajT,. In the strains so far found very early maturity means poor 
production and very lateness is risky owing to shortage, of water. 

The type selected .should be easily hulled, and should have a white kernel, so 
as to cause less laibour in polishing and less waste in the finished product. 

III. Botanical description of the Kclaznha rice and its variations. 

The Rolamha rice belongs to Oryza satim var. cofmmmis (Kcernick) sub-variety 
media. The spikelets are elongated, their length being more than three to four 
times the breadth. In shape they are sub-linear or narrowly elliptic-lanceolate, 
the palea being nearly straight and the flowu",xiiig glume only slightly convex at the 
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back. The Kolmtiba plaiil} is free from antliocyanin pigment, i.e., there is no 
reddish or piirplisli colour in the sheath or any other part of the plant. It is free 
from awns also. The husk -when ripe is pale yellow to iiisty reddish browm. The 
kernels or grains are generally transincent and flinty, and more or less white in 
colour. They are devoid of smell. 

There is a great deal of variation in almost all the characters of the Kolamha 
variety. It can be divided into a number of more or less distinct botanical types. 

As mentioned before, several types are already known to tln3 cultivators and tlie 
people at large and a consideraltie number of sub-types of an elementary na.ture 
have been separated and maintamed at the Eice Breeding Station at Karjat. 

Thus it will be seen that the name Kolaniba is rather loosely applied to a large 
number of strains which are distinct from each other. The main points, however, 
in tyhicli they resemble each other are (1) the slenderness of the spikelets and 
grains, (2) the linear to elliptic-lanceolate shape of the spilcelets and grains (3), the 
reddish or brownish yellow colour of the husk, (4) the transliicence of the grain, 

(5) the flintiness of the grain, (6) the whitish colour of the grain, (7) freedom from 
anthocyaiiin pigment throughout the plant, (8) absence of awns and (9) lack of 
smell. ■ 

Classijimtion oj the various characters. In order to make a detailed study of 
the various characters of the Kolcmba variety as a whole it would be convenient to ; 

divide them into two classes, vegetative and reproductive. These will, therefore, ; 

be dealt with separately. ; | 

It may be stated here that the characters described below have been observed 
in pedigree cultures of the original selections both in the laboratory and in the 
field for more than three successive generations, and though they are subject to i 

slight fluctuation owing to conditions of nutrition, growth, etc., they may be safely 
taken as the expression of hereditary qualities of the various cultures, i 

Vegetative charactees. 

Germination and rate of growth. In folds of wet blotting paper the seeds of the 
different strains take from 30 to 45 hours for the husk to rupture and for the radicle i 

to emerge. In field conditions the plumule shoots out in the form of a needle within | 

about 72 to 96 hours from sowing if the seed beds are properly wetted by rain. 

The first leaf unfurls 'witliiu 150 to 170 hours. Two of the authors’ strains Nos. 

79 and 110, which have coarse grains and mature very early, that is to say 30 to 35 [ 

days in advance of the majorit}'', generally showed a quicker unfurling of the leaves | 

and had a stronger growth in the first week. But there cannot be said to be a very | 

appreciable difl’erence in the time taken by the different strains to germinate and I 

for their early growth. Some of the very late strains also, such as Nos. 103 and | 

104 which mature about 10 days later than the late strains, do not seem to be slow I 

in their germination and early growth. On the other hand,. No. 184, aiiother very j 
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early strain j but with finer gra.iii, is not so vigorous in its growth as other early types 
like. " n'os. 79 and 11.0. There is therefore no reason to suppose that the early maturing 
strains have necessarily a inuoh quicker and the late ones a slower rate of growtli 
in i heir seedling stage or for the first three weeks or so. Their behaviour on resum- 
ing their growth a.fter transplanting, i.e., from August 1st, is however imnarlaible, 
inasmuch as the very early ones show a markedly greater rapidity in attaining the 
limit especially of their height, and perhaps, though less markedly, in producing 
tillers and respective leaves. This will be seen clearly from the three Ta,bles givcm 
below ; — 


Bliowmg the rate of growth in height of the different strains of Kolarnha as indicaUd hy the avemge heights of 
plants uptoihe joint of the firstleaffromtop, measured at successive one week, gwriods in cm. 
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She Tery«krlystiaias show better progress in this respect for the first three weeks or so, but luter on the other ste.iiis are seen to niakeup th 
fiae,(mrly strains are genemlly poor i n tillering. 




Showing the rate oj growth indicated by the average number oj leaves fer including all the. tillers produced by 

the different strains of Kolamba at successive one week periods. 



Tlie very early strains show better progress in this resijsct for the urst four or five -weeks, but later on the otlier strains make up the growth for reasons already 
given under Table H, 
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Tiilmny 'power. This character is of considerahle ecoiiuinic iuiportance as it is 
closely connected ■with' thie yield finally obtained. The rice plant begins to tiller 
within about fifteen days from sowing, provided the seeds are not sowni very deep 
and thickly. Tillering is shown more markedly by certain strains iiian others oven 
under uniform conditions of space and plant food. Tilleiing often varies 'with tlio. 
total length of time required for maturity in the Kolmuha variety, the early strains 
being poor and the late ones richer in tillering,^ (Table IV). In another variety 
called Palni, also grown m the Konkan, however, which is as lai e as th.e late IldUmba 
tV'pes, the tillering is much poorer. But the grains in. that va,,riety arc. .far coar'set 
as compared with Kolmuha and the carhcads are also large ajxd heavy, so tha,t this 
variety seems to utilize the food inatcrials absorbed in producing larg(U' oarlieads 
and grains and not in producing nmnc.Toiis tillers. Late jnaturity and high tiller- ■ 
iiig are, therefore, not rw^cessarily coj-related in all varielwu. In co]npara.tivc trial 
plots the mean tillering of the v<i.ry early Kolmuha strai,iis, taking 11 5 da,}’'s f o ma- 
ture, was five per plant transplanted at eighteen inches by nine inches apart, 
whereas in the very late strains taking 160 to 165 days it was as high as 14 wdieji 
the plants were similarly spaced. But leaving aside these extreme periods of 
tnaturity the mean tillering of a largo number of strains maturing witliin lb5 to 
150 day.s varied from 7*7 to 1.1*2 per plant in 1922, spae(^d in tlie way 
descrilied. 

Tillering also continues to a variable period in the. life of a plant. Tlie result is 
that in certain strains there is a variable niiml)er of unproductive tillers. which, on 
accomif; of their very late development fail to produce panicles or well developed 
grains, and at the most only add to the straw. This number of sterile tillers varies 
from 0-3 to 2-7 per plant on an average in the different strains under conditions 
mentioned above. The percentage of sterile to fertile tillers varies from 7 to 22 
in the different strains. This feature of continued and late tillering is objectionable 
but can be checked by planting closer, together, whereby the production of such late 
tillers w^ould be checked and tlie energy of the plant utilized for the produclion of 
more grain. 


* H. O, (Ji.j-relatiw oluuviftiur. nt' tho lic*' t.liinf, : PhilliuUni- Aiirhdilhwil RcvIm.^ VoJ. 

KVpago Ili>. ■' ^ ‘ 

H. iSuim* <ju irmiHi' [iuruiii I’ltrtdv. AQT'i. Juitr. t>f ImUa, V<j!. X, 

pp. 36-JJ7. 
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Table IV. 

Slioaing Mai tillering vn the different strains mnjing more or less aGCording to dugs 
to maturity. 


Strain No. 

1921 

1922 

192.3 

\ 

1924 

\XTy early . . . , 79 

8-4 

5-02 

4-61 

6-79 

TnterincJinfe . . . igg 


11-20 

S-70 

9-39 

” • • .364 


10-52 

7-79 

7-87 

• • . . .92 

14-90 

9-70 

8-78 

9-51 

>' • • . . . 35 

13-10 

7-70 

7-68 

8-73 

....... 42 

11-62 

9-90 

9-80 

10-52 

'» • • . . . .121 


9*06 


7-52 

Very late . . . .104 


14-10 

10-57 

11 '30 


Bkttt feature IS the height which the successive tillers attain in a 

timfil ^ ™ *' *■1® same height, by the 

‘lie mother cuhnLws 

tel er than the other tillers which individually reach a variable height. The latter 

rlXiSraXThe e” earlieads “ d 

ndth v^y ‘0 -sedated 

niottn':^mr^:s.tr;“ 

with a wide angle. The latter strains in tlie anthom> experil^Xe^Trhtin: 

of ^:::s.^lf'rrbe 

to space, food supply etc. and thou o-h h ++• fluctuations due 

colour, still the relative vaiuesS of the different \ plants are darker in 

uniform conditions. Strain No. 223 exceptioSv 

yelloivish coloimj^tafewdays after germination, b^utlaX^^ 
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more dark by exposure, so that the tips of the leaves are darker than their bases in 
the early stage of the seedlings. There seems to be some evidence, which, however, 
requires further confirmation, that the lighter coloured strains require a slightly 
lower temperature for flowering than the darker coloured. Thus while the former 
had many of their flowers open at 80° E., the latter commenced to open at 84° F. 
only. Similarly as the day advanced and the temperature rose at 11-30 a.m, to 
86° F., the latter showed full flowering but the former only to a very small extent. 

Plant height. The height of the mature plant in the different strains varies 
considerably even under closely similar conditions, the range being from 110 to 
170 cm. when measured from the surface of the soil to the tip of the panicle straigh- 
tened out. The measurement should, of course, be made on the mature plant only, 
as the early strains j)ut forth their culm earlier. 

Thiekness of the culm. This has been measured at the middle of the first inter- 
node above the ground. It is again a rather variable character being greatly 
influenced by food supply, the range being from 6*5 to 7-7 mm. in diameter. There 
does not seem to be any correlation between the thickness of the culm by itself and 
the standing power of the plant at maturity. 

Number of intermdes or leaves. This is a character of relative stability tliougli, 
it varies according to the time of maturity of the strain. In the very early strains 
the number of internodes or leaves is about ten to eleven including the extremely 
compressed ones just below or at the ground level. But in the very late strains it 
is eighteen or nineteen. The following table shows the number of internodes or 
leaves on the main culm in different strains : — 


Table V. 


Showing the number of mternodes or leaves on the main culm. 


Strains 

strains — 

No. 79 
No. 184 

IiitermodiatR strains- 
No. 153 
No. 164 
Late strains' — 


Number of 
internodes 
or loaves 


10—11 

10—11 

14--rl.5 

14—15 

16—17 

16—17 

16—17 

16—17 

16—17 

18—19 




PLATE II. 
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The hnglh oj the flag (or the U23permost Leaf), The range of variation in this 
respect is from 23 cm. to -M cm. when measured from the iigule to the tip of the ie.af. 
In certain strains the flags are generalty large, while in otliers they are comparative- 
ly small. Tli.e flag is often a good index of the size of the leaves of the plant in 
general. 

‘The breadth oj the flag. The range in this respect is from 1 cm. to To cm. when 
measured at the widest part, some strains being i)rox3ortionately broader-leaved 
than others. - 

The flag is generally .shorter than the two or tliree leaves next below, but it is 
generally the broadest leaf of all. With reference to the tip of the main ])anicle 
the tip of its Hag may go higher in some strains, reach about the same level in others, 
or remain shorter in the rest (PI, 11, 1). Its size and the po,sition of its tip are 
slightly affected by the nature of the soil and the nutrition of the plant. In rich 
soils the flags and the leaves are longer and broader, whereas in poor soils they 
are shorter and narrower. The length of the peduncle, to which reference will be 
shortly made, is also partly responsible for the fluctuation regarding the position 
of the flag-tip, as it is also affected by soil conditions. But even aj)art from this, 
the position of the flag with reference to the tip of the panicle is a fairly constant 
strain character. As maturity advances, the flag generally drooj)S more or less, but 
in certain strains it has been found to maintain an almost erect position to the 
last. This erect position of the flag is found very often to be associated with 
standing power or strength of straw. It is a very distinguishing feature of certain 
strains, as in Numbers 8, 164 and 104. In certain other strains the flags assume a 
more or less horizontal position or are inclined downwards. Such .strains have a 
tendency to lodge as in Nos. 163, 32 and 39. In certain strains the tips of the 
flags are a little lighter green in colour than the lower part and look somewhat 
hardened and spiney at the extremity. In many cases, the flag has a peculiar 
constriction about an inch or so below the tip, whereas, in a few cases, it has 
been observed to get twisted and thrown into two or three curls. In some cases, 
the leaves show a slight tendency to roll when the sun is strong. The exact signi- 
ficance of some of these characters is yet unknown, though the last two may be 
devices for shunning the strong light and attendant heat. 

The hairiness on the leaves. This serves as a diagnostic character of the difler-, 
ent strains, but it has to be exa min ed at a i)articular stage of the plant. At an 
early stage the hairs are not fully developed, while at a very late stage they fall 
off. They can be seen well about the middle of August, that is to say, when the 
plants are 65 to 70 days old. When present normally, they are more numerous 
on the upper surface of the leaf than on the lower. Some types of the Kolamha 
variety are absolutely or practically glabrous in their leaves, but in ottieia, the leaves 
are sparsely and in still others more or less thickly covered with hairs. In leaves 
which are very thickly hairy, the lower surface is also hairy to a certain extent. The 
hairs may be short and downy or long and coarse. Occasionally, there is a mixture 
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of both tyiies together. It is very often found that the markedly hairy types are 
also rather coarse-grained. 

The peduncle. This ii the uppermost internode of the plant supporting the 
panicle and is the longest of all. The major part of it remains covered up by the 
sheath of the flag. But, for convenience, that part of it which emerges above 
the leaf joint is called the peduncle proper. Its length is a strain character, though 
it is liable to fluctuate under difierent conditions. In rich fields there is a good 
deal of leaf growth and hence the length of the peduncle or its emergence above 
the sheath appears less, while in poor fields the leaf growth is less and the exposure 
of the peduncle is greater. In years of poor crop growth also, the emergence is 
more appreciable than in years of good growth. Similarly the successive tillers 
in a plant show a greater emergence of the peduncle as the later tillers are obvious- 
ly weaker than the main,* and have shorter sheaths. The range of variation in the 
length of the peduncle is 1*2 cm. to 12 cm. It is not desirable to have a very long 
peduncle, as it is likely to break and so to prevent the proper development of the 
grains. 

Eeproductive Characters. 

Dates of flowering. The dates of flowering in the different strains of Ko- 
Imnba rice range over a period of about 45 to 50 days. This long range is of great 
practical importance from the point of view of the moisture conditions of different 
fields and of tlie even distribution of the available labour. The earliest types flower 
by about the beginning of September if sown in the first or second week of June, 
that is to say, in about 80 days from sowing, while the latest types talce as much 
as 130 days, flowering about the middle of October or even slightly later. This 
range of about 40 to 50 days can be roughly divided into five periods of flowering. 
The first of tluse ends about September 6th and covers just a few types only. The 
second period ends by about September 22nd and is not much bigger in the number 
of types it covers. The third period may be taken to end with the month of Sep- 
tember and includes a larger number of types. The fourth period ends with the 
first week of October and covers the largest number of tj^'pes in the variety. The 
fifth and the last period is an insignificant one including only a very few types. 
These five periods may be called respectively very early, early, medium, late and 
very late, and may be shown in a tabular form as below : — 


Name Ilf period 

Range of the period 

Days from 
sowing 

'I’ypes contained 

Very early 

25th August to .5th September 

80—90 

A few. 

Biarly . 

(>th September to 20th SeiBembor 

90—105 

A small number. 

Medium . . . 

21st September to SOth September 

105—115 

1 A couhiiderable uuiuber. 

Late . , . 

1st October to 7th Oteober 

115—122 

A verv largo Muriher. 

Very late 

8th October to 15th Octobei- 

122— LiO 

Afevc.' 
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This classiftcation is made by taking June 6tli as the date of sowing when general- 
ly the first showers are received, and is based on the mean dates of flowering of 
the several strains under study. In line cultures an individual plant was consider- 
ed to have flowered when the top portion of its panicle emerged above the sheath. 
In the course of the last five or six years, the strains have flowered at almost a fixed 
date with very slight seasonal variations, although the time of sowing may have 
varied by about a week or so. Even such a delay in sowing, as of two months in 
the case of a late strain, put off the flowering date at the most by about a A¥eek 
and made almost no diflerence in the date of harvesting although the crop was a 
very poor one. 

The period for -which the plants in a single culture (generally exceeding 200 plants 
in our wmrk) continue to flower is generally longer for the early strains and much 
shorter for the late ones, probably because when the early strains flower in Septem- 
ber, there is much moisture in the soil, the air is more humid and the sun’s heat 
also is not so strong as it is in October when the late strains flower. The maximum 
shade temperatures during the first week of September and the first week of October 
actually recorded were 92°F. and 97°F. respectively. 

The date of flowering of a plant in a culture is a pretty reliable indication of 
the purity of the culture if it does not go beyond the normal range. Any imiisual 
extension of this range on any side may be looked upon, with suspicion, and in, such 
cases it is generally possible to find confirmatory evidence about the impurity of 
the culture in the matter of some other characters also. Thus it often helps in rogu- 
ing an ordinary field sown with a pure type. 

The period between flowering and ripening is also a fairly constant one, being 
about four weeks for the early strains and three weeks for the late ones. 

As already mentioned the practical utility of the various strains of Kolamha 
flowering over such a long period is very great. It makes the variety suitable for 
the varying nature of the soil, the varying nature of the water supply, and the 
cultivator’s need of evenly distributing the available labour for transplanting and 
harvesting, and the cultivator takes full advantage of it by growing strains witli 
different periods of flowering in different kinds of fields. 

PoUmatmn. The study of pollinatiou in the rice plant and in particular in the 
Kolamha variety in the North Konkaii may be taken up next. It may enable us 
to make a proper estimate of the chances of maintaining the purity of a type under 
field conditions. In rice generally, and in the Kolamha variety also, self-pollina- 
tion seems to be the general rule, though occasional cases of natural cross pollina- 
tion are also met with. The jjerceiitage of natural cross-polliuation, however, 
does not seem to be very appreciable, only about two to four per cent, of its occun 
rence being noted. 

1 Parnell, F. R. -Raiigaswami Iyengar, G- N. ; and Ramiah, K. The inheritance of characters 
in rice. 3Iem. Dept Agri. India, Bot. 8er., Vol. V, No. 7 

Hector, G. P Notes on pollination and cross- pollination in the common rice plant, Orj/cio ectika, 
3Iem. Dept. Agri. India, Bol. Ser., Voi. VI, No. 1. 

Researches with the rice plant. Van der Stock in Java, 
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In a rice, plant which, is about to flower, the panicles from the successive tillers 
are noi', all at the same height, nor are they all ready to flower the same day. The 
taller and the more central tillers being more advanced are the first to flower. In 
the individual panicle the flowering proceeds from above downwards. (PI, II, 2) 
A few of the topmost spikelets on the branches open first, the lower ones and those 
on the lower branches opening daily in gradual succession. Though some irre- 
gularity in this ]-espeet may be noticed here and there, still tlie general order is not 
much interfered with. 

As a general rule, a panicle takes about five to seven days to finish the opening 
of the flowers from top to bottom according to the prevailing weather conditions 
and the nature of the strain, such as early or late. At Karjat, the opening of the 
glinnes generally takes place from 9-30 to 11-30 a.m. Most vigorous flowering is 
seen between 10 and 11 a.m. A few stray cases may be seen as late as 12 noon. 
Sometimes, if the day is a rainy one and the temperature lower than usual in the 
morning, flowering may continue up to 2 p.m. Late in October when the days are 
particularly warm, the flowering may take place once more in the evening betwaien 
4-30 and .j-30 P.M,, but such cases are almost negligible. 

The glumes take about seven to eight minutes to open fully from iho time they 
begin to show the least sign of parting. When fully open they make an angle of 
30-35 degrees with each other. The}?' remain open for about 45 to 50 minutes and 
then close up within about five minutes or so. The entire period from the beginn- 
ing of the opening to the closing of the glumes occupies about 55 to fiO minutes. 
The temperatures at which flowering takes jflace range from 80°F. to 95°F., the 
optimum being 85°.F. for the early varieties and 90°F. for the late ones. 

^ In the course of the flowering period during a single day the flowering is in cer- 
tain waves so that there are moments when several flowers on a panicle may open 
at once, then a few more after a short while, and again a few more and so 



In the earliest opening flowers, the anthers generally emerge from the glumes 
and hang down quite intact for a time, the stigmas remaining quite uncovered with 
pollen. Then after a time which may extend occasionalty even to five minutes or 
so, they burst and shed the pollen outside the glumes. In some cases, one or two 
of the anthers may remain held inside the glumes ; they may then burst inside and 
pollinate the stigmas. 

As the temperature rises with the advance of the day, the anthers burst while 
emerging from the glumes or even while they are inside, thus covering the respec- 
tive stigmas quite fully. 

It may be supposed that, as a general rule, the stigma is receptive by the time 
the glumes open, because, leaving aside the earliest opening flowers, the stigmas 
in the glumes opening in our presence are more or less covered with pollen. Tiiis 
s ows that the stigmas anrt pollen are both in a fit condition at the normal time of 

the opening of the flowers. ' 
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It has been observed in some cases that the two stigmas spread out so that they 
protrude beyond the margin of the flowering glume and pale, and when these close 
up, they are caught up between their overlapping edges. It is suspected that this 
may happen if for some reason or other the stigmas are not self pollinated. They 
can often be seen then as brownish specks on either side of the spikelets when the 
spikelets are mature. Such an exposed condition of the stigmas may occasionally 
be helpful in bringing about cross pollination either through wind or through in- 
sects. In connection with the possibility of insect agency, it has been noticed 
that Cantharid blister beetles and bees commonly visit the rice flowers during the 
hours of flowering. 

In the period of flowering, especially of the late types, there is generally no 
rain ; but the wind is often strong, and it must be a powerful agent in bringing 
about cross-pollination at least in a few of the flowers in 'which the stigmas may 
remain exposed as stated above, especially if the crop is of a heterogeneous nature. 
In fact, when the anthers are bursting, the slightest jerk is enough to show tiny 
clouds of pollen grains wafted by the wind to the nearest j anicle. A large number 
of blister beetles of two or three kinds are also seen busily engaged in feeding on the 
antliers, most of which are already quite or partially emptied of their pollen. The 
abdominal parts of these insects and their legs etc. are covered with hair to which 
the pollen is seen to adhere. Similarly, small bees and thrips are also occasionally 
seen to visit the rice flowers. So, all things taken together, with the exposed condi- 
tion of the stigmas in certain cases, might easily explain the occasional cross-pol- 
lination ^ which takes place in rice. Besides we may also have to take into consi- 
deration (in some cases at least) the prepotency ^ of foreign pollen, even suppos- 
ing that in many cases in which the stigmas remain exposed, self-pollination 
may have been effected. 

The panicle. The panicle in the different strains of Kolamha rice shows consi- 
derable variation under the following heads : — (1) length, (2) number of branches, 
(3) total number of spikelets, (4) density, (5) sterility, (6) nature when ripe and (7) 
yield or weight of grain. 

Length of panicle. It is usual to measure the length of the panicle from its 
lowest node which is generally hairy to the tip of the main axis. The length of the 
panicle in the different strains so measured varies on an average from 22 cm. to 
29 cm. It may be said in general that in accordance with the nature and stature of 
the plant, such as short or tall, the panicle may be short or long. The branches of 
tlie panicle also may be short or long according as the panicle is short or long. 

Number of Branches. The number of primary branches of the panicle varied 
in our cultures from 10 to 14-9. Curiously enough, long panicled types have pro- 

^ Hector G. P. Notes on pollination and cross pollination in the common rice plant, Oryza 
sativa. Mem. Dept. Ayri. India, Bot. 8er., Vol. VI, No. 1. F. R. Parnell, G. N. Eangoswami 
Iyengar and K. Ramiah, The inheritance of .eharacters in rice. . Mem, Dept. AgtL India, Bot. 
Ber., Vol. V, No. 7. 

^.Darwin and modern science, 'by A. C, Seward, 
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poi'tionatcly fewer brandies, whereas the short panided types have a compara,- 
tively larger number. Consequently, longer panides are somewhat sparser in 
appearance, whereas the shorter ones are denser or more compact. But in this 
respect the total number of spikelets borne by the panicle or in fact by an in- 
dividual branch is also greatly responsible, because both in the case of tlie number 
of branches and also in the case of the number of spilcelets, the larger the number 
per unit length, the greater the compactness becomes evident. 

Occasionally the tips of the panicle branches show certain peculiarities, and 
although they are not of any great significance still they may be mentioned here in 
passing. (1) In that portion of a panicle where there is no sterility due to the pre- 
sence of rudimentary spikelets, two spikelets at the end of a branch are placed 
much closer together than the lower ones, giving the appearance of what may be 
called tip dusters. This character is found commonly in many of the Kolaniba 
types with compact heads, (2) In a few cases, the spikelets in a panicle and especial- 
ly those near the tip of the branch are more or less strongly curved or hooked at 
the tip. It is suspected that this character has some relationship to sterility, since 
in a few perfectly sterile (Pf. IV, 1) plants which have been noticed such hooking 
at the tips of the spikelets was noi^iced to a marked degree. 

Total number of spikelets. This has been ascertained hy actually counting 
all the spikelets in the ripe main panicle including the fertile, the half developed 
and the unfilled or ehafiy. The total number in the difl“erent strains vaiies from 
253 to 675 on an average. Though it is desirable to have a very large number of 
spikelets in a panicle, still it has been found, as a general rule, that the large nuniber 
of spilcelets is associated with considerable sterility. It is also associated with fine- 
ness of grain and poor to medium tillering. So the grain yield of a panicle, or even 
the whole plant for that matter, is not necessarily proportionate to the number of 
spikelets borne by the panicle. 

Density of the pwnide. Strictly speaking, the density or compactness of the 
panicle depends on (1) the length of the panicle, (2) the number of branches borne • 
on the main axis, (3) the length of the flower bearing part of the individual branch 
and (4) the total number of Spikelets in the panicle. In other words, density is 
au expression of the combined result of the four factors mentioned above. This 
expression is, however, very difficult to arrive at except in a very laborious way 
in practice and therefore it was considered very desirable to get an expression of 
density by dividing the total number of spikelets in the panicle by the length of the 
panicle only. Measured in this somewhat arbitrary way, the density of the main 
panicle in the different strains was found to vary from 9-2 to 22-3. It may be point- 
ed out here that the main panicle or the one borne by the mother culm in a plant 
being generally the largest of all, carries the largest number of spilcelets and is 
also the densest and heaviest, those borne by the successive tillers being smaller, 

Jacobson, H, 0. Correlative obaractors of the rice plant. Pkilippim Aqri, Pei'iaw, Vol. TX, 
page il8. 
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sparser anxi lighter in comparison. Some degree of positive correlation seems to 
exist between the density and sterility, so that the denser the panicle the more 
sterility it has. 

Sterility in the 'pa/nide. Sterility or the habit of x)rodiicing unproductive spike- 
lets is a phenomenon of a rather common occurrence in some rice varieties and in 
Kolamba in particular. It may be inborn or incidental and due respectively to 
internal or external causes. As a result, there is either a complete lack of fertilisa- 
tion or an interference with the further development of the ovule, the economic 
loss in either case being practically the same. Instances of the first kind can be 
seen in several types of the Kolmnba rice in 'which a smaller or larger portion at 
the top of the panicle is occupied by rudimentary and undeveloped spikelets wliich 
are quite white and papery in appearance and do not produce any grains. These 
colourless or rudimentary spikelets can be seen only while the panicle has just emerg- 
ed from the sheath or for three or four days after. But later on when the panicle 
ripens, they dry up and fall off. Similar rudimentary spikelets are also found 
sometimes at the base of the lower branches in certain types of Kolmnba. A very 
similar result is often produced in fields which receive large quantities of nianurial 
washings as near village sites. This kind of sterility is known as sponginess in Java. 

It is evident that in the case of such rudimentary spikelets both the pollen and the 
ovary are more or less aborted. Occasionally, certain plants are found in which I 

there is absolutely no grain-formation. They remain green long after their brothers I 

have dried up, and show complete lack of self fertilization in their panicles. The i* 

spikelets are nearly normal in form and texture though slightly reduced in size. -j. 

This want of grain formation has been found to be due to the impotency of the an- 
thers A since the pollen grains which tiiey contain are quite deflated and devoid of 
contents. In such plants occasionally a grain or two may be formed, but it is pro- I 

bably due to the cross pollination from normal plants. In a few cases, attempts 
had been made to cross sucli flowers artificially, but the attempts were not success- i' 

ful. 

Iiistances of the second kind of sterility are those in Avhich the panicles remaui 
unfilled and feathery owing to the attack of stem borers or of sclerotial disease. ! 

In these cases, the supply of nutrition is cut off and the whole panicle dries up with- 
out producing well developed grains. 

Occasionally only stray spikelets in a panicle which are quite normal in appear- •' 

ance remain undeveloped due probably to chance lack of fertilization or to un- 
favourable weather conditions interfering with the act of fertilization, such as heavy 
raiii or very strong sun and winds during flowering. The first condition may either 
wash the pollen off or cause it to degenerate and the second may dry the pollen up 
before it is able to germinate on the stigma. It is suspected that, in some such 


1 Bhide, E. K. A cause of sterility in rice flowers. The Agricultural Joiirnalof ln>iia, Vol. SVII 
p. 3S4 (1922). 
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cases also, this partial sterility may be due to the impotency of the anthers in some 
of the spikelets, but the matter needs further confirmation. 

llegardiiig this sterility of the normal looking spikelets interspersed in the panicle 
just described, it was observed that in the Fg generation of certain crosses, a few 
plants sho^Yed that the stamens from a good many spikelets emerged by the normal 
elongation or their filaments, but the anthers, though quite yellow and outwardly 
normal looking, did not burst. Most of them appeared to remain yellow and un- 
burst till they dried up. The stigmas from such spikelets were generally uncovered 
with pollen. On opening such anthers under the dissecting microscope they look- 
ed somewhat moist and their contents did not separate into a floury dust. Thus 
even in this case, the failure seems to be due to the defective condition of the pollen 
in some s])ikelets. It could not have been due to want of sunsliine, low tempera- 
ture, etc,, since all plants did not show it nor did several other strains show it. In 
all normal cases, the anthers generally burst while emerging, or just after emer- 
gence and assume a whitish colour on shedding their pollen. 

In certain cases, some of the lower spikelets in a panicle contain only partially 
developed grains. This is due to the fact that they are fertilized latest of all, and 
hence, they cannot get enough time for grain development. Although there is no 
(jiiestiou here of sterility, still as this condition amounts in effect to practically 
the same thing, it has been thought desirable to include it here. 

Sterility due to sponginess, that is to say, the rudimentary condition of tlie 
spikelets is generally associated with types having short compact panicles and short 
fine grain in Kolamha rice. The more compact the jianicle the more sterility it has. 
In such a plant the main panicle again shows more sterility than the later formed 
panicles as they are smaller and less compact. This kind of sterility due to “ spongi- 
ness ” is rarely found in t}q)es which have long and sparse panicles and coarse grains. 

Sterility or unproductiveness due to physical or physiological interference with 
fertilization or partial development of grains can however be found in both types. 

In the plant to plant measurements it is difficult to assign exact numerical values 
to the kmd of sterility which is due to sponginess or to the presence of rudimentary 
spikelets, since they soon fall off. Nothing can, therefore, be made out of such 
sterility beyond noting the degree of its extent. But it is possible to assign values 
to the other kind in which the unfilled spikelets can be counted. The percentage 
of such unfilled or half filled to the well filled spikelets varies from 11 to 42 per cent, 
in the different strains. 

From the breeder’s point of view, sterility or sponginess is a very undesirable 
character. It means so much loss of grain which should have been normally develop- 
ed. It is, therefore, essential to try and avoid it as far as possible, Unfortunate- 
ly, there seem to no fine grained types of Kolamha rice which may be said to be 
absolutely free from sterility, 

Dimensmis oj Ike spikelets. The average length and breadth of the spikelets 
in the diflereut strains of Kolmnha>vaxy froni 7*57 to 9-51 mm. and 2-15 to 2-60 mm. 
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respectively according to the fineness or coaiseness of the spikelets. In this con- 
nection it may be noted that apart from the length of the spikelet within certain 
limits it is the thinness which determines its fineness. 

The weight oj the spiMsts. In order to get an idea of the average weight of 
the spikelets in the various strains, the average number of spikelets required to 
weigh a gram was found out for the various strains. This number varies from 45*5 
to 83 respectively according to the coarseness or fineness of the spilcelets. Tlie 
proportion of husk to clean rice in a given quantity of clean paddy is about 1 to 4, 

The nature oj the ripe panicle. The paniclp, as it emerges from the sheath, is 
somewhat cylindrical and tapering at both ends. In the course of flowering, tlie 
individual branches separate more dr less in tiie different strains and begin to spread 
away from the axis. As the grain development proceeds, the branches -Bpread 
out and give the inflorescence the appearance of an open panicle. But when the 
ripening advances and the spikelets are heavy, the upper part of the panicle droo|)s 
down in the form of a scythe with the branches closing upon it. In certain cases, 
the branches do not close on each other though the top qiortion may droop, and then 
the panicle looks partly bent down with the branches spread out. In yet another 
kind wdiicli is of rare occurrence, the branches droop down, but the top being com- 
paratively light stands erect. On the whole, the appearance of the mature panicle 
is dependent on the following factors ; — 

(!) The length of the panicle. 

(2) The number of branches in the panicle. 

(3) The length of individual branches. 

(4) The number of mature grains on a branch and their fineness or coarseness. 

(5) Emptiness or otherwise of the branches at their base. 

As a result of tlie combination of one or more of these factors, the panicles show 
several types, four of which may be chiefly mentioned. 

No. 1. Long and sparse type. In this type the panicle is long, the branches 
are long and few, , the number of grains is comparatively smaller and their size coar- 
ser. The panicle when ripe droops almost near the middle. Such are strains 79 
and 121. 

No. 2. Long and rather compact type. In this type the panicle is medium in 
lengtli, the number of branches is greater than in type 1. The length of the branches 
is slightly reduced, the grain size is medium and the panicle wdien ripe droops 
a little above the middle. Such are strains 164 and 8. 

No. 3. Short and compact type. In this type the panicle length is more reduced 
than in the above, the number of branches is larger as compared with the length 
of the panicle, the grains are more numerous and fine. The branches do not droop 
nor open much but remain somewhat closer together and the apjoearance of the 
panicle is compact. Such are strains 39, 35 and 32. 

No. 4, Short open type. In this type the panicle is short, the number of 
branches is medium, the grain is rather coarse, and the branches are somewhat 
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spreading. The ripe panicle consequently assumes an open appearance. Such 
is strain 133 or 42. The difierent types are illustrated in Plate IV, 2. 

The yield oj a fanide. It may be noted that plants with greater tillering have 
generally lighter panicles. Secondly, the yield of grain to be obtained from an 
average panicle depends on the average number of fertile grains borne on it, and 
file average weight of the individual grains. It has been already mentioned that 
those types in which the number of spikelets is very large are generally fine grained 
and show greater sterility on the whole. Consequently, the yield of grain to be 
obtained from a panicle of such a type is not necessarily very large in proportion 
to the number of spikelets. Because what is gained in number may not be much, 
more than what is lost in weight. All the panicles again which a plant produces 
are not of equal size and weight. Efiorts were made, therefore, to get an approxi- 
mate idea of the average yield of a panicle. This was obtained by dividing the 
average yield per plant by the average nimiber of bearing tillers. Thus the range 
of yield per average panicle in the different strains is 2'53 to 4*55 grams. When 
related to the size of the main panicle, the average panicle is found to be from 71 
to 80 per cent. It may further he mentioned that it is not the length W'hich so great- 
ly falls in the successive panicles of a plant as the number of branches, the number 
of spikelets borne on them and the density. 

In the various pure strains of Kolmnba rice which liave been i.solated by the 
authors, the correlation between the number of tillers and the yield of grain per 
average panicle has been found to be negative, though not by any means to the same 
extent. These results may be summarized in the following Table : — 


Showing correktiion between nuinber oj fertile fillers and weight of an average panicle. 


Strain 
No. ■ 

Yiuu* 

Mean 
number 
of fertile 
tillers 

Mean weiglxt. 
of average 
panicle 
grams 

Co-eflSciont of 
correlation, between 
tillering and yield 
per average panicle 

Remarks 

n 

1923 

3-08 

3-84 

— 0-32±0-04 

Coarse grained. 

184 


3-36 

2-53 

~0-344:0-04 

Medium gra.iued. 

153 


8-62 

2-73 

— -0-19±;0-04 

Ditto. 

164 


6-72 

342 

— 0-05db0-04 

Rather coarse grained. 

32 


■7-40 

3‘29 

i — 0-15db0'04 

Fine gramed. 

35 


6-25 

4-07 

— 040i:0-04 

Ditto 

42 

1922 

9-53 

3-51 

■ ; . . ■^0-24±0-04 ■ 

Fairly fine grained. 
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SJwvnng correlatwn helwem number of fertile tillers and weight of an average 
‘panicle. — contd. 


Strain 

No, 

Year 

Mean 
number 
of fertile 
tillers 

Mean weight 
of average 
panicle 
grams 

Co-efficient of 
correlation between 
tUleriag and yield 
per average panicle 

Remasics 

42 

1923 

948 

347 

— 045d:0-04 

Fairly fine grained. 

121 

1922 

7-74 

4'o5 

— 049±0'04 

Coarse grained. 

1(*4 


11 -00 

2-94 

-~-0-06:i:0-0.7 

Mediiiin to coarse grained. 

104 

1923 

9-71 

2-74 

.-_0-04db0-04 

Ditto. 


From this it will be seen that within each pure strain there is in general a negative 
correlation between the number of fertile tillers and the yield of an average panicle. 
The amount of correlation appears to vary much. In some strains, as for instance 
Nos. 164 and 104, it hardly exists. In others, it is distinct, as for instance Nos. 36, 
184 and 79. 

As between different strains also the relationship between tillering capacity and 
the yield of the average panicle seems to be distinctly negative, as is seen in the 
following Table. 


Showing correlation between mean tillering and mean weight of average •pa/nicle in 
different strains. 


Mean weight of 
average panicle 
grams 

Mean, tillering per 
l)lant 

Co -efficient of correla- 
tion 

Remarks 

4'6 

7-00 

— 0-39=b0-09 

Correlation appreciable. 

The yield per plant. 

The yield per plant is of the utmost • 

economic importance 


and depends, as will be seen from the above, on the combination of the yield of the 

average panicle and the effective tillering capacity of the plant. These characters 

are probably somewhat antagonistic in Kolamba rice. But a type with a fairly 

high tillering capacity and a moderately large and heavy panicle is likely to give 1 

the highest yield. 

The relationship of tillering to yielding capacity per plant in a pure strain which 
is of a positive nature has been determined for a number of strains in 1923, a culture 

containing about 240 plants in each case forming the basis of the study. 

■ 

1 


1 ; 
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The results are as follows : — 


Showing correlation betiveen tillering and yield 2')or ‘plant. 


iSU-aiu 

No. 

.\Icau mini her of fertile 
tillers 

Mean yield of grain per 
plant grams 

Co-otliciont of correlation 
between tilierirrg and 
yield per plant 

79 

4-1 

11-7 

0-71±0'02 

1S4 

3-(j 

8-9 

o-so±o-ooi 

loll 

I 8-6 

234 

04:i7±0-02 

KM 

9-7 

23-0 

0-72db0’02 

32 

74 

24-1 

0-75±0-02 

tjO 

7-2 

25-2 

072:i0-02 

42 

9-0 

29-S 

O-ti4db0-(.)2 

121 

7-7 

35-9 


104 

9-7 

29-5 

0*84±0-02 


It will bo seen from these figures what a close relationship 'within a strain, there 
is between number of tillers and the yield per plant. This is perhaps what might 
have been expected as the size of the earhead should vary little within a pure strain. 
Between different strains also the correlation is close, though not always so. The 
following tables are enough to show clearly that among strains of Kolamba rice, 
at any rate, yield is determined more by the number of fertile tillers than by any 
other factor, except perhaps the height of the plant 


Correlation between iillGring and yield per plant in di^ffcrent strains in different years. 


ytrain 

Mean No. 
of fertile 
tillers 

Mean j ield 
per plant 
Grams 

Co-e£Bcient 
of correlation 

IllSMAEKS 

Reserve Kolamba 

strains 1923. 

• 5-30 

13-93 

0-38:b-05 

The strains were widely differ- 
ent in period of flowering, 
grain size, No. of grains per 
panicle, weight of panicle, 
and yield per plant. The 
total observations were 138. 

Now panicie scries, 1924 

5 -39 

14-97 

0-67i:-02"^ 

0-64i:-03/ 

The strains were more alike. 

' These were 180 and 125 

New pauide series, 1925 

9-21 

lS-81 

observations resjieetively. 

Bulk 8elecLion series, 
192,5. 

5-64 

16-42 

0-62±-04 

The strains were not so nearly 
alike as above. 87 ob. erva- 
' lions. 

Intensive cultures of 
diilereut years. 

8-10 

27-15 

0-77±:-04 

The strains were different 
from each othei”39 observa- 
tions. 


in almost all these cases the correlation is close. 


strain 


C'o-efficieut 

of 

correlation 


Remaeks 



Strain 

.Mean height 
cm. 

Mean yield 
per plant 
Grams 


Inten.sive cultures 
different years. 

of 

142-lS 

27-08 



39 observations. 
Correlation fairly close. 


CorrelfUion between the height ami gield 'jjer jilwnt in two slmins in 1925. 



Strain 

Height in 
cm. 

Field per 
plant in 
grams 

Co- efficient 
of 

correlation 

Remakks 

-12 . . 


30-00 

0-54d=0-U4 

^Correlation fairlv close. 

241 . 

143 -S 

22-02 

0-43dr«-05 

) 


While dealing with these correlations, it will be interesting to indicate some others 
which have been investigated in 1921, 1922 and 1923 ivii/mi two of the pure strains 
isolated, viz., Nos. 79 and 42, the former an early and coarse grained type with low 
yield, and the latter a late type with finer grain and high yield. 

The results are as follows ; — 



I. Correlation between tillering and the Imglh of the main pKm/ide. 


Strain No. 

Mean No. 
of 

tillers 

Moan length 
of panicle 
cm. 

Co-offieiont 

of 

correlation 
between 
tillering and 
length of panicle 

1 EmAEKS 

79 (1921) . ■ . . 

8-0 

26-7 

0-ll±0-04 

) 

^Correlation sliviht. 

79(1922) . . 

.5-0 

27-5 

0-H±0-04 

J 

42 (1922) . 

10-0 

24-8 

0-22±0-04 

Correlation rather appreciable. 
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11. Gorrehtion between, tillering and mmher of sj)ikelets in the mam faniole. 


strain 

Mean No, 
of 

tillers 

Mean of No, 
of 

spikelets 

Co-efiident 

of 

correlation 
between 
tillering and 
spikelets 

Rbm;aeks 

79 (1922) . 

6-0 

274*0 

0*35:1: -04 

Correlation appreciable. 

42(1922) . 

iO-0 

419*2 

0*07 ±-04 

Correlation negligible. 


111. Gorrehtion between tillering and number of branches in the main panicle. 


Strain 

Mean No. 
of 

tillei-s 

Mean No. 
of 

branches 

Co- efficient 
of 

correlation 
betAveen 
tillering and 
spikelets 

Remaeks 

42 (1922) . 

10-0 

I 12-3 

0-17 ±-04 

Co rrelation slight. 


IV. Gorrehtion between number of branches ami number of s-pikdets in the main panicle. 


Strain 

Mean No. 
of 

branches 

Mean No, 
of 

spikelets 

Co-efficient 
of 1 

correlation | 
between i 
branches and j 
spikelets 

Rbmajiks 

42 (1922) . 

12*31 

419*24 

0*39d:-03 

Correlation appreciable. 


Gorrehtion between the length of the main panicle and the height of the plant in Strain 
No. 42 in 1922. 


Mean length of panicle 
in cm. j 

Mean height of pkvnt 
in cm. 

C.'o-efficiont of corre- 
lation 

Remaeks 

24*83 

133*71 

0*21 ±0*03 

Correlation ratlier 




appreciable. 
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Tlie following correlations were also worked out in the different strains in different 
years 

/. Conriofion hefirmi dmsih) and n-mnher of sterile sjnhehfs in the main pmide 
in the different strains in different years. 


Cnltiu-es 

IFeau density 

Mean No. of 
sterile .spite» 
lets 

Co-effieient of 
correlation 

Remaiucs 

Iitiousive (uiifures of 1 

16-18 

88-60 

0-63 ±0-07 

.‘13 observations. Cor- 

diircrent years. | 




relation close. 


ll. Correlation hetivecn density and sterility percentage in different strains in different 

years. 


(’Cultures j 

Mean density 

Mean .sterility 
percentage 

Co-efficient of 
correlation 

RB.MARK.S 

Intensive cultures of 

J6-1S 

19-70 

0-29±0-10 

33 ob-servations. Cor- 

different years. 




relation appreciable. 


HI. Correhtion between number of grains 'per gram mid sterility percentage in diff'erent 
strains in different-years. 


Cultures 

Meaji No. of 
grains per gram 

Mean sterility 
percentage 

Co-efficient of 
correlation * 

Remarks 

Intensive ciiltures of 
different years. 

69-22 

19-70 

0-16±0-ll 

32 observations. Cor- 
relation slight. 


Thus it 'Rull be seen from the above results that there is a close correlation between 
density and number of sterile spikeletSj and an appreciable one between density 
and sterility percentage. There is also appreciable correlation between number 
of branches of the panicle and number of spikelets and between tillering and number 
of spikelets in the panicle in strain No, 79, though the same in strain No. h2 is negli- 
gible, d’he correlation between length of the panicle and height may be said to 
be rather appreciable in the case of .strain No. 42, but the other correlations worked 
out seejn to l)e slight or negligible. 

Returning to the consideration of the yield l>lant, it may be stated that 
in the \ ery early strains this is generally low, presumably owing, to the short: period 
of growth. Further, these very early strains have all a low tillering capacity and 


228 


KOLAiVIBA RIOE DE THE NORTH' KONKAN AND i'fS IMi’ROVEMENT 

thfdr panicles also are small Altliougli the grains in these strains may be coarse, 
tbeir individual weight is not large enough to make up the sliortagci fliu', k) low 
tillering and the small number of grains per panicle. The yield per plant in the 
late strains is generally more than in the early strains as will be seen from the following 
Table : — 


SJiowinfj the yidds per plAnt in the eafhj and late, strains in the year 19 2d 


Xatui'o of strain 

Strains Nos. 

Mean tillering 
per plant 

ilean yield 
per i)Iant 

Eeim.vkks 

VT'ry early 



No, 79 

4-1 

araras 

11-7 

Coarse grained. 

Very early 



No. 184 

3-0 

8-9 

Medium grained. 

luterniediate 



No. 153 

8-0 

23 A 

Medium grained. 

luterniodiate 



No. 104 

U'7 

23-0 

Rather coarse grained , 

Late 



No. 32 

7-4 

24-1 

Finegrained. 

Late 



No. 35 

7-2 

25-2 

Fine grained. 

Late 



No. 42 

9-5 ' 

29-8 

Fairly fine grained. 

Late , . 



No. 121 

7'7 

35-9 

Coarse grained. 

Very late 



No. 104 

9-7 

20-5 

Med. to coarse grain- 
ed. 


So far only the yield of grain has been considered, but the straw is of consider- 
able importance also as it serves as fodder in the tract. The following are the 
comparative figures of grain and straw yields in the extensive cultures grown in 
a plot of on,e*fortieth of an acre each in the year 1924. 


Strain No. 

Grain weight in lb. 
from number of bunches 
of equal size 

Straw weight in lb. 
from number of bundles 

BaTIO UK ORAIX 

TO S'lEAW 

Grain 

Straw 



Ib. 

oz. 

J3imehe.s 

lb. 

0. 

Bunches 




153 


09 

00 

1,029 

72 

00 

1,629 

I'OOO 


1-044 

164 


62 

08 

1,787 

72 

04 

1,787 

1-000 


M50 

32 


80 

10 

1,474 

83 

00 

1.474 

1-000 


1-029 

35 


89 

04 

1,734 

92 

12 

1,734 

1-000 


i-039 

39 


70 

08 

1.601 

83 

12 

1,061 

1-000 


3 -094 

42 


84 

12* 

1,248 

.77 

04 

1,248 

1-095 


l-OOO 

223 


77 

14 

1,408 

73 

00 

1,408 

1-000 


1-000 

104 


77 

08 

1,307 

107 

t)li i 

1 ,307 

1-000 




* The low yield of strain No. 42 here is due to thin planting as will bo seen from the nnniher of 
bunches. 



PLATE V. 



■Ij x*^w?^ 


-Transverse section of stem of a standing strain. Behind the air cavities lined by 
single layers of larger cells can be seen bands of sclerenchymatous tissue. These 
are conspicuous by the very small size of their cells and greater thickness of 
their walls. These bands are absent in B, the transverse section of a lodging 
strain. 
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The above table shows that Nos. tl.2 and 333 give more grain than straw, while 
the others give more straw than grain. 

Strength oj Mraw. This is rather an important character in determining the 
utility of a strain of rice. On it depends to a certain extent whether a strain can 
maintain an erect position or is likely to lodge in the field at maturity. Such lodging 
at maturity entails not only some loss of grain, but also a reduction in its quality, 
especially if the fields are very wet. The actual standing or lodging of any strain’ 
is inllueneed. by external conditions such as the high fertility of the held and the 
w^eather at the time of maturity. If the helds are very richly manured, the stein 
tissues become softer and more supple and the plants cannot maintain an erect 
position. They are easily swayed by the wind, the stems spread and bend out- 
wards and tlie crop lodges. Stormy weather at maturity generally causes the plants 
to lodge even though they may be strong in straw. But if w'e leave out of considera- 
tion these abnormal external conditions, then such strains as have a short stature, 
an erect habit of growth, and a tliick culm with a certain amount of mechanical 
tissue in the stem structure which gives the stems more rigidity, are more likely to 
stand. Plate V, A shows the stem structure which is generally found in strains 
which are likely to maintain an erect position at maturity. In them there is a 
thicker band of sclerenchymatous tissue at the periphery of the stem than in the 
lodging strains, the fibro- vascular bundles are more numerous, and there are parti- 
cularly a few layers of small sized sclerenchymatous cells behind the air cavities 
which are generally found in the hollow rice stem owing to its aquatic habit. These 
layers of small sclerenchymatous cells are more or less continuous with the soleien- 
ohyniatoiis sheaths of the hbro-vascular bundles lying on either side of the air 
cavities and form arches of mechanical tissue behind them. They are generally 
absent in the lodging strains (PI. V, B). In order to see them, it is necessary to 
examine sections of stems of the various strains taken at a particular point in the 
first internode or a little below the second node above the ground when the strains 
are jnearing matmity. Associated with the strength of straw is very often found 
the erectness of the flag which can be noticed even after the crop has begun to 
ripen. 

SmceptdhiUty to the attach oJ the stem borer. Some strains seem to be particularly 
liable to the attack of the rice stem borer, Schoenobius bijjunctijer, so that in such 
strains we generally find more plants with white unfilled and feathery earheads than 
in others. Consequently, this character is very undesirable. It is probably due 
to the tendency of the strain to have very soft stem tissues, as even in the other 
strains the borer trouble can be noticed if they are grown in very rich fields or under 
tlie shade of trees where softness of tissues is particularly encouraged. 

Liabilifg to the green or false snrnt'^ oj Hce.— Certain strains especially those 
which have a short and compact panicle seem to be more' liable to this sinu't than 


* Butioi’, E. J. Eujm'i and Eisease in. Plants, paze 22S. 
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( (tilers ill certain seasons, and tliough tlie damage caused by it is not very apprecia- 
ble, still there is no doubt that it is not a very desirable character. The belief of 
the cultivators, however, is that this disease appears more particularly in a good 
crop season. 

The, hahit of shedding the grains at maturity. It is true that tiiis Jialiit is never 
so marked in Kolamha rice as in the “ Gonag of the DhaiTvar-Belgauin Mallad 
•or in wild rice generally, in which the grains fall away as soon as they are mature. 
In the case of some Kolamha strains, a few of the topmost grains only shed, if the 
crop is a little over ripe. It is found tliat some long and slender grained types show 
this habit to a slightly greater extent than those with shorter and thicker grains, 
and consequently the harvesting of such types lias to be done before the cro]) is 
dead ripe. 

IV. Description of selected strains of Kolamba rice. 

It is now proposed to give a short descrijrtion of the eight jmre strains oi Kolamba 
rice, grown from seifed seed for several generations and which have maintained their 
uniformity in the characters .studied. They do not necessarily rejiresent the whole 
of the variety ; for all were originally selected among others for some valuable 
character such as high yield, stiff straw, early ripening, etc., and represent the best 
among the numerous types originally obtained. Of them, one is a very early type, 
two are early, four belong to the main crop of late types, and one is a very late type. 

Strain No. 79. This is the earliest ripening strain found in the mixed Kolamha 
rice seeds obtained from the greater part of the area.. It has the fewest tillers and 
least number of branches in the panicle. The amount of sterility is small, and the 
density of the panicle is low. The yield per plant is low, and the grain is coarse. 

This strain is valuable because of its very short period for ripening. It requires 
about 110 to 115 days from sowing to harvesting. It is, hence, suitable for lands 
where the water-supply does not last long owing to their high lying character. 
Though very coarse as Kolamha rice, it is finer than the available varieties, other 
^\&nKolamha, for such soil'. It is not superior to such varieties in point of yield, 
but owing to its finer grain it brings in usually an increased return of about 
Es. 10 per acre. The colour of husk is deep brownish yellow and the kernel is also 
slightly tinged with amber. But on polishing, it becomes quite white and flinty. 

With a normal sowing date about June 6tli, the date of flowT.ring (as taken from 
120 to 250 plants) has varied from August 29th (1921) to September 5th to 7th 
(K23) or from 84 to 92 days. As has already been stated, the strain ripens in 110 
to 115 days, that is to say, it needs about 26 to 31 days from flowering to ripening. 

The average number of fertile tillers per plant when grown under the condi- 
tions of study previously described varied from an 8*4 * in 1921, to 5-0 in 1922^ 

Saliniatbi Goimg : a weod ia drilled paddy, Bombaii Depnrtment of Agricultme. Bulletin No. 107 
of 1921. 

* The spacing in the field in 1921 was. wider than in succeeding years. 
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and to 4'G in 1923. This difference is not purely seasonal, but shows the extent of 
variation that may be expected, under varying conditinos of spacing. The 
general average is just 6*0 tillers per plant. Of this total No. of tillers 7-8, 4*5 and 
4'] have yielded earheads in the tlu-ee years studied. The proportion has thus 
been. 93 per cent., 90 per cent, and 89 per cent in the three seasons, or a general 
average of 91 per cent. 

The height of the plant has varied from an average of 1184 cm. in 1923 to 1334 
cm. in 1921, giving an average height at Karjat of 125 cm. The panicle length has 
been very constant only varying from 26-3 to 27*5 cm. These figures have, of course, 
nothing absolute about them, and are only given to enable comparisons to be made 
with other strains grown under similar conditions. 

Details as to the characters of the panicle on the average, are shown, 
in the following Table : — 

Mam pamole characters. 


Year 

No. of 
hranohos 

Total No. 
of 

spikelets 

1 Density 
of 

I panicle 

No. of 
sterile 
spikelets 

Yield in i 
grams 

Remakes, 

1921 

10-1 

252 

9-3 

32-9 

4-8 

' •, Vidor spacing. 

1922 

10-2 

247 

10-0 

05-3 

4-2 


1923 

9-2 

251 

9-4 

47-7 

4-0 


1924 . 

9-7 

241 

8-4 

31-3 

3-9 


(loneral average 

9-S 

255 

9-3 

44-3 

4*2 



The most interesting of these figures is that showing the variation in the pro- 
portion of sterile spiltelets from season to season on the main panicle. These sterile 
spikelets amount to 13 per cent, in 1921 and 1924 ; 24 per cent in 1922 ; and 19 per 
cent, in 1923 ; and indicate the extent to which variations in yield, even in a pure 
line, may be caused by seasonal conditions. 


The above figures deal with the main panicle ; the following show the yields 
from the main and average panicle, and from the whole i>lant 
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The character of the spikelets themselves is shown by ihe following dotcrmina- 
tiona of average length and breadth, while the size is clearly shown by the number 


of spikclets iier gram ; — 



Strain No. I6i. 


This is a type, which while ripening later than No. 70, is yet a rather early strain. 
It has the longest grain (spikelet) among all the selections made in Kolamba rice. 
It is rather strong in the straw, and is suitable for high lands which retain water 
a. little longer than those on which No. 79 would be grown. It is distinctly fnier 
or more slender than that last described, but among Kolamba rices it would be 
classed as rather coarse. It wild bring about Rs. 12 to Rs. 15 per acre, normally 
more than the coarse non-Kolamba rices suitable for similar lands. The colour 
of the husk is a light brownish yellow, and that of the kernel a. very light amber. 
The grains are white and flinty when polished. , . h 

With a normal sowing date about June 6th, the dat,e,.of flowering has varied from 
September 25th to 28th and the length of time from sowing to flowering from 111 
to 114 days. The strain ripens in 135 to 140 days, and then it needs about 24 to 2G 

days from'flowemg to-ripening.- - - - • ■ - • . - 

The average number of fertile tillers per plant when grown under the conditions 
of growhh previously described varied from an average of 7-8 in 1923 to lO-b in 1922. 
The general average is 9*2 per plant. Of this total number of tillers 6*7 and 8*1 
respectively yielded fertile earheads in the two years of study. The proportion 
has thus been 86 and 88 per cent, respectively in the two years, or a general average 
of 87 per cent. . . ■ 

The height of the plant . has varied from an average of 140 centimetres in 1923 
to 142 cm." in 1922, The panicle lengdi is a very constant feature, bfily varying 
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from 27*2 to 27*4 cm. on tlie average based on a study of main panicle onlj^ 
in the following Table : — 

Mam 'panich Gharacters. 


The sterile spikelets amounted to 20*3 per cent, of the whole number on 
panicle in 1922, while in 1923 and 1924 the corresponding figures were 14-5 and 18 
})er cent, respectively. It will be seen that in two cases the proportion of sterility 
is less than in strain No. 79, and the change caused by the differences in season is 
in the same direction in the two strains. 

The above figures deal with the main panicle. The following show the yields 
from the main and average panicle and from the whole plant : — 


The character of the spikelets themselves is sho^vn by the following determina- 
tions of average length and breadth, while the size is clearly shown by the number 
of spikelets per gram 


No. of 
branches 

Total No. 
of 

spikelets 

Density 
of ' 
panicle 

N'o. of 
sterile 
sjiikelets 

13-4 

349 

12-7 

70-8 

12-7 

349 

12-9 

50-“) 

13-6 

369 

131 

66-() 

1.3 >2 

356 

12-9 

62-4 
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Stmin No. 153. 

!; 5 tram No. 153 is one wliicli ripens almost at tlie same time as tliat lasii clesciibed, 
ami so may be classed as a ratlier early strain. It has tlie shortest paniolc length 
among alftlie selections made of Kolamha rice. It yields well, and is finer and 
sliorter in grain size than No. 1G4-. It is valuable for the same type of land as No. 1():1, 
but has a weaker straw than the latter. Owing to its finer grain it lirmgs a highm: 
price than No. 164. The colour and behaviour of the s]fikelets ami grains arc ve.j.r 

similar to that last described. 

With a normal sowing date about June 6th to 10th, the date of flovermg ha^. 
varied from September 25th to 29th ; and the length of time required for floweiing 
is from 111 to 115 days. The strain ripens in 135 to 140 days, and thus it needs 
from 24: to 25 days from flowering to ripening. , 

The average number of fertile tillers per plant, when grown under the conditions 
previously described, varied from an average of 8-7 in 1923 to 11-2 in 1922. Ihc 
general average is 9-9 per plant. Of the total number of tillers, 8*6 and 10-2 res- 
pectively yielded fertile earheads, in the two years of study. I he propoition ol 
tillers which are fertile has thus been nearly 99 per cent, in 1923, and 91 per cent, 
in 1922, or a general average of 95 per cent. 

The height of the plant has varied from an average of 137 cm. to 142 cm. The 
panicle length, which is very short as already noted, varies from an average of 20-6 
cm. to 22-0 cm. in the two years under study. 

Details as to the characters of the panicle, based on a study oi. the main panicle 
only, are as follows : — 


Main 'panicle chameterit. 


Year 

No. of 
branches 

Total No. 
of 

spikelets 

Density 

of 

panicle 

No. of 
sterile 
spikelets 

Yield in 
grams 



12-9 

.371 

17-9 

128-3 

3-7 

1923 . 

12-0 

391 

17-7 

86-4 

4-2 

1924 , . ... 

11-0 

345 

17-1 

80-1 

3-7 

General average . 

12-0 

369 

17*6 

98-3 

3-9 


It will be seen that the proportion of sterile spikelets on the main panicle has 
varied from nearly 38 per cent, in 1922 to about 22 to 23 per cent, in 1923 and 1924. 
As with other strains the sterility was much less in 1923 than in 1922, but in botli 
years it was considerably greater with this than with the strains previously descrilied. 
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The above figures deal with the main panicle. The following show tlie yields 
from the main and average panicle and from the whole plant 


Yield of main 
panicle 


Yield of average 
panicle 


Yield of Avhole 
plant 



gram 

gram 

i gram 

li»22 

3-7 ,, 

3-0 

1 30*5 



■4-2 ■ 1 

■ ■ ■ 2*7 i 

123*4 

1S)24 

;]-7 

2-G 

22*4 

General average . 

3-9 

2*8 

25*4 


The character of the spikelets themselves is shown by the following determina- 
tion of average length and breadth, while the size is shown by the number of 
spikelets per gram. 


Year 

1 Average 

length of 
i spikelet 

Average 
breadth of 
spikelet 

Number of 
spikelets 
l)er gram 


1 mm. 

mm. 


1922 

1 8*2 

2*30 

6G 

1923 

1 8*2 i 

2*40 

73 

1924 

8*3 1 

2*30 

71 

General average . 

t 8*23 1 

2*33 

70 


This shows how much smaller is the grain than in the strains previously con- 
sidered. 

Strain No. S2. 

Strain No. 32 is later than those previously considered and belongs to the late 
types. It is one of the selections which have the finest and hence the lightest grain, 
but it yields well. It is specially valuable as combining fairly good yield and fine 
quality of grain which fetches a good price in the market. The colour of the husk 
is pale yellowish brown, and that of the kernel is white. The grain on polishing 
is quite white and flinty. 

Vv^ith a normal sowing date about 6th to 10th June, the date of flowering has 
varied from October 4th to 8th ; and the length of time from sowing to flowering 
from 118 to 122 days. The strain ripens in 145 to 150 days, and thus needs from 
25 to 26 days from flowering to ripening. 





-j't 

Year 

Yield of 
main 

Yield of : 

• average 

Yield of 
whole 

Rioiarks 


■paniole 

panicle | 

plant 




grm. 

grm. 

gnu, 



1921 . 

. ■ 4-4 

3*1 

43 -Of. 

fThe number of plants 


, 15)22 . 

. 4*0 

L . 3-4 

■ 30;6 

was only- 88- or con>- 
j)arat.jyely smaU and 


1923 . 

4-2 

i ' 3-3 ■ 

24-1 

the ed,s>e ofioci: ' ecnT- 
siderahle.' 




I.-.' ■ . . ■' 




1924 . ..... 

. ■ 4‘2 , ■ 

■ . '3-0 

28-0 



..OerLcral average . 

. ■ -44 • 


3lf> 



* The spacing in the fieW in 1921 was wider than in succeeding years^ 
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The character of tlie apilcelets themselves is shown by the following determination 
of average length and breadth, while the size is shown by the number of spikelets 
per gram. : 


Year 

Average 
length of 
.spikelet 

Average 
breadth of 
.sinkelet 

1 ■ 

Number of 
.spikelets 
per gram. 


mni. 

mm. 


1921 . . . .. 

. , ■ ,7-8, . . 

_ ....2-20. 

41'77 ' ■■ 

1922 . . . . . 

, 7*9 

2-20 

71) 

1923 . . . . . 

7*8 

2-30 

81 

1924 ... 

7-S 

2*20 

7S 

General average . 

7-82 

2-22 

77 


The fineness of the grain even as compared with the fairly fine type No. 1.53 
is well illustrated by these figures. 


Strain No. 35. 

This strain is similar to that last described as regards time required to produce 
flowers and to mature. It represents absolutely the finest type in the selections 
i made, and is curious moreover as having the largest number of branches and the 

largest number of spilcelets in tha-main panicle. But it also, shows the highest 

sterility. The panicle is the densest among the strains isolated. It is a useful 
strain, as combining a fairly good yield and fine quality of grain. The colour of the 
husk is light and the grain is white and flinty and polishes well. It seems very 
liable to the disease known as false smut. 

With a normal sowing date about June 6th, the date of flowering has varied 
ffoni" October 4'tli to 8th ; "and" the length of time from Sowing' t‘0‘ flowernrg from 
i20 to 124 days. The strain ripens iii 145 to 150 days, and thus needs from 25 to 
26 days from flowering to ripening. 

The average number of fertile tillers per plant when grown under the conditions 
previously described varied from 7-7 in 1922 and 1923 to 13*1 in 1921.* The general 
average is 9-5 per plant. Of this total number of tillers 7-2, 7*4 and 12-5 yielded 
fertile earheads in 1923j 1922, and 1921 respectively. The proportion of tillers 
whieli-are fertlle' ha«--thus -been 93|-per cmit.4n 1023, 96 -pen cenhJLu -1922, -aiidJQS-J 
per cent, in 1921 on an average of 95 per cent. 

The height of tile plant has varied from 136 cm.to 148 cm., the average of three 
years at. Karjat being 142 cm. The panicle length has lain between 23-G cm. and 


* The spacing in the field in 1921 was >vider than in succeeding years, 
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25*6 cm, witli the average of 24*(') cm., or again about the u.vei‘age for Kolamha 
rices. 

Details as to the oharacters of the ])anicle, based on a study of the inaJii ])anicl(i 
only, are as follows 

Main jmnicle chamc.fei'H. 


Year 

No. of 
branches 

Total 

No. 

spikelets 

.Density 

of 

panicle 

No. of 
sterile 
sjiikelcte 

Yield in 
grams 

ileMATlKS 

1921. . . 

16’0 

688 

23*8 

140 

: 5*8 

Plants few 

1922. . 

16-3 

575 

23*4 

148 

I ,5*4 

and edge 

1923. 

16*2 

510 

21-() 

110 

4*9 

effect con- 

1924. . . 

14*0 

484 

18*5 

101 

4*9 

siderable. 

General average . 

15*4 

539 

21*8 

1,25 

. ,7*2 



The proportion of sterile spikelets is high, and has varied from 21-() per cent- 
ill 1923 to nearly 24 and 25 per cent, respectively in 1921 and 1922, In this strain 
there was a lower percentage in 1923, as with the earlier strains previously des- 
cribed. 

The above figures deal with tlie main panicle ; the following slunv the yields 
from the main and avemge panicle and from the whole plant. 


Year 

Yield of 
main 
jjanicle 

Yield of 
average 
Ijaniclo 

Yield of 
whole 
plant 

1921 . . 

grm. 

■■ 5-8 

grm. 

4*1 

grm. 

51*3* 

1922 .... 

! - 6*4 \: 

3*9 

29*5 

1923 .... 

4-9 

!■ ■ ,3*7' 

25*2 

1924 .... 

4-9 

3*5 

3M 

General average . 

5-2 

3*8 

34*3 


nuin1.)cr of plants was 
only 07 or comparatively 
small and the edge effect 
considorabh?. 


The character of the spikelets themselves is shown by the following deterinina- 
tion of average length and breadth, while the size is shown by the uum])er of spikelets 
per gram. 


Year 

Averages 
length of 
spikelefc 

Average 
breadth of 
spxkelet 

Number of 
spikelets 
per gram 

1921 . . . . . 

7*6. ! 

2*2 

74 

1922 ..... 

. 7*() ■ 

2*1 

79 

1023 

1 : ' ■ ■ 7*5' ■ 

2*3 

83 

1924 



78 

General average . - . 

- 7*6 

■'2*2 ' 

79 
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Showing extensive cultures of strain No. 42 on the left and of strain No. 32 on the right. 
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These figures show that in fineness this strain is as good as or peril aps 
superior to No. 32. described above. 


Main, panicle characters. 


Strain No. 42. 


This strain is of peculiar interest, as it is the one which has proved to be of 
greatest practical iinportance. It is now grown animally' on many thousand acres, 
and the demand for the seed is now keen. Its chief characteristics are its good 
tillering and heavy yield ; while its grain is Jimiy fine. It has an erect habit of 
growth, an open panicle, with slight sterility at the to]). It has to be noted 
connection with this strain that it can be grown in fields which receive 
of nitrogenous manures without the fear of running to leaf, at the 
Consequently, it will bear much higher manuring than most of the other types. 

With a normal sowing date about dune 6th, the date of flQW'ering has 
from October 4th to 8tli, and the length of time from sowing to flowering 
120 to 124 days. The strain ripens in 145 to IfiO days, and thus needs from 25 
26 days from flowering to ripening. 

The average number of fertile tillers per plant when grown under the condition 
previously described varied from 9-8 in 1923 to 11-6 in 1921. The general a 
is 10-4 per plant. Of the number of tillers, 95 per cent, bore fertile 
1921, 96 per cent, in 1922, and 97 per cent, in 1923. This gives an 
per cent. 

The height of the plant has varied from 134 cm. to 138 cm., the average of tin 
three years at Karjat being 137 cm. The panicle length has lain between 
cm. and 24’8 cm. with an average of 24*5 cm. 

Details as to the characters of the panicle, based on a study of the main 
only, are as follows - 
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Tii{'. proportion of sterile spikelets has varied from 151 ])or cent. in. 1921 to 21 1 
per cent, in 1922, and to 17 and 18 per cent, in 1923 and 1924 respectively. The 
average for the four years is 18 per cent. 

The above figures deal with the main panicle ; tlio following show tin; //idds 
from the main and average paniclcj and from the wliole plant. 


Simin No. 121. 


This strain, though it would still be classified as a late or ‘ main crop ’ strain, 
yet it is about ten days later in maturing than the last three described. It is the 
tallest of all the selections, has the longest and heaviest panicle and the thickest 
grains. Unfortunately, though it has been under cultivation since 1920, yet close 
detailed -plant to plant observations were only made in 1922, and hence it is not 


The character of the spikelets themselves is shown by the following dettirmina- 
tions of their average length and breadth, while the size is shown by tiie number 
of spikelets per gram. 


1922 . . . 

4-9 

1923 . 

4-8 

1924 . 

4>5 

General average , 

4-7 


]92l . 

1922 . 

,1923 . 

1924 . 

Geuoral average 


Year 


Yield of 
main 
panicle 


Yield of 
average 
panicle 

Yic.ld of 
whole 
])laut* 

Rcniai-kw 

gnu. 

gnu. 

*jScg Plate VII. 

3-2 

3o-7 


S-5 

33-3 


3-2 

29-7 

This was a poor season. 

3-4 

35-9 


3*3 

33-<i 






grni. 

4-6 


/^£ 2 . 


PUTE vn. 
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possible to compare its characters with complete coiifideuce with the average figures 
for the other strains. It has only theoretical interest as, though it yields very 
highly, the grain is too coarse for the market expectation of a Kolamha rice. 

With June 13 as the sowing date, the date of flowering in 1922 was October 9th 
to 10th, giving a jjeriod of growth to flowering of 118 to 119 days. The strain ripens 
in 150 to 155 days and thus needs about 130 days or so from flowering to ripening. 
The average number of fertile tillers per plant when grown under the conditions 
previously described was 9-1 per plant, and the fertile carheads numbered 7*7 per 
plant. Tills gives a proportion of fertile earheads to total tillers of 85 per cent. 

The lieight of the idant in 1922 under the Karjat conditions was 167 cm. on the 
average, and the panicle length reached 30*1 cm. Details as to the characters of 
the panicle, based on a study of the main panicle only, are as follows : — 


Mai/n panicle cMmcters. Year 1922. 


Number of branches 
Total No. of si)ibelets 
Density of panicle . 
No. of sterile spikolets 
Yield of grain 


, 14-9 
. 387 
. 12-7 
. 92 

5*8 grains. 


The proportion of the sterile spikelets was nearly 24 per cent, in 1922. 

The above figures deal with the main panicle ; the following show the yields from 
the main and average panicle, and from the whole plant in 1922. 


Year 1922. 

Yield of main paniolo . . . . , . . . . . . 5-8 granw. 

Yield of average panicle . . . . . ... . , 4*5 „ 

Yield of whole jilant . . ... . . , . .35*9 „ 

The character of the spikelets themselves is shown by the following determina- 
tions":—''' 

Year 1922. 


Average length of spikelet , . , . . . . ... 8*8 mm 

Average liroadth of spikelet . ... . . . . .2*8 mm. 

- Number of spikelets iior gram . . , ... . . .51 

These flgui'es illustrate the relative coarseness of the grain in this strain. 


Strain No. 104. ^ 

Strain No, 104 is the latest of all the selections made and requires about 160 
to 165 days from sowing to ripening. It is hence only valuable for low-lying land 
which retains water until very late in the season. It has a very large number of 
fillers, the largest in the series, — ^but on the other hand it has the smallest number 
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of spikelets on tlie main panicle which is loose in formation. Tln^ st<‘.rility is very 
low. The grain is somewhat coarse, and the straw is strong. 

With a normal sowing date about June 0th, the date of: flowering lias varied 
from October 17th to 19th, giving a period of growth to flowering of IJh) to 135 days. 
The strain ripens in ahoiit 1.00 to 165 days, so that it requires about 30 da,ys from 
flowering to ripening. 

Tlie average number of fertile tillers per plant, when grown under tlie conditions 
j,)’eviously described, was 10-6 in 1923, and 14*1 in 1922. The general average is 
thus 12-3 per plant. Of this No. of tillers. 9*7 in 1923 and 11*7 in 1922 bore fertile 
earheads, or a proportion of 91*5 per cent, in 1923 and 83 per cent in 1922. This 
gives an average of just over 87 per cent. 

The height of the plant has varied from 131 cm. to 134 cm. That is to say, its 
average {132| cm.) is just about that of the variety. The panicle length has lain 
between 24*3 and 24*8 cm. with an average at 24*6 cm. 

Details as to the character of the panicles, based on a study of tlie main panicle,, 
are as follows ; — 

Main panicle characters. 


Year 

No. of 
branches 

1 Total 

No. of 
spikelels 

Density 

of 

panicle 

No. of 
sterile 
spikelets 

Yield 

in 

grams 

1922 . . . . . 

15*7 

241 

0-T 

26*2 

3*7 

192.? . . . . 

11*9 

239 

9-9 

30<3 

3*9 

1924 . ... 

12-8 

264 

K)*5 

26-7 

4-i? 

General average . 

13*5 

24S 

lO'O 

1 

27*8 

3*9 


The proportion of sterile spilmlets has varied from 10*8 per cent, in 1922 to 12*7 
per cent, in 1923, and to 10 per cent, in 1924, or a general average of 1 1*2 ]:)er cent. 
This, it will be noticed, is very low for /Co2!a?/i6a rice. 

The above figures deal with the main panicle ; the following show the yields 
from the main and average panicle, and from the whole plant. 


Year . 

Yield 1 

Yield 

Yield 

— 

of main 

of average 




paniejc. 

Iianiclo 

plant 


1922 . . . . . 

1923 . . . . 

1924 

General average . 

grm, 

":3*7 

. :. 3*a 1 

4-.7 ■ 

.3-9 ■ 

' . 

L'rm. 1 

2-9 , ! 

2-7 . ,, ! 

■■ 3*4;':'' 

■ 3-0' ■ ' ■ ■ ■ ■ ! 

grm. 

34-5 

■ ''.‘le-r). 

39 0 

32-3 
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The character of the spikeiets themselves is shown by the following determina- 
tions of their average length and breadth, while the size is shown by the number 
•of spikeiets per gram. 


Average 
lengtij of 
spikelet 


Average 
breadth of 
spikelet 


Number of 
spikeiets 
per gram 


Summary. 

It will be seen that, while all the types just described contain the general 
characters of the Kolmnha rice, there is a very wide range of variation both in the 
botanical and in the economic characters. These may now be summarized, 
tbe results on the general average of each type for the years studied. 


/. Hant clamcters. 


Strain No, 

Period for 
ri]ier.ing 
grain 

No. of 
icitiJi’P 
tiller s 

Proportion 
of fertile 
tillers 

Heigiit of 
plant 






days 


per cent. 

cm. 

79 . 





110-115 

6-0 

91 

125 

164 . 





135-140 

9-2 

87 

141 

153 . 





135-140 

9-9 

95 

139 

32 . 





145-150 

IM 

94 

141 

35 . 





145-150 

9-5 

95 

142 

42 . 





145-150 

10-4 

96 

137 

121 . 





150-155 

9-1 

85 

167 

104 . 





165 1 

12-3 

87. 

132 


*These averages will have to be slightly reduced to make an allows^ce for wide spacing in 1921 
except in the case of Strains 15.^, 104, 121 and 104. 
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11. Panicle characters based on the main ‘panicle. 


Number 


Number 


Density 


(Strain No. 


spikclctf 


sterility 


panicle 


branches 


!)aaiojc 


111. SpiJcelet [Grain) characters. 
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IF. 


Strain No. 

Yield of 
main 
panicle 

Yield of 
average 
panicle 

Yield 

per 

plant 

Remarks. 


grm. 

grm. 

grm. 


79 . . . 

4-3 

3-6 

17-5 


164 . . ... 

54 

3-6 

27-0 


163 .... 

3-9 

2-8 . 

26-9 


32- „ 

4-4 

3-3 

32-(D 

These ligures aie high 

«•)!- 



- « r 

owing to uneven spaeina 

a 

5*4 

3-9 

35-3 j 

in ifel and conseLjiUent 

42 . 

4-S 

3-3 

I 33-0 

edge effect. 

121 , 

5-8 

4-5 

35-9 

Figures available for one 

104 . 

3-0 

2-S 

80-5 

year only. 


In conclnsion, we are miicli indebted to Dr. H. H. Mann, the Director oi 
Agriculture, Bombay Presidency, for making vrduable suggestions in presenting 
th© facts and figures embodied in this paper. 


M GIPO~~ M--IV.2.91— 28-.10-27— 660 







PENNISETUM TYPHOffiEUM. 



I. The Morphology of Pennisetum typhoideum, 

BY 

S. V. C40DB0LE, M.Sc., B.Ag. 


{Eeceh'ed for publication on 2ht December 1928,) 


Introduction. 

Among the grain crops of India the fourth place is occupied by bajri {Pemii- 
setwit typhoid eum}^ otherwise known as cat-tail millet, bulrush millet, or pearl millet. 
In the Bombay Presidency where the present studies have been made, it is still 
relatively more important, and annually occupies between four and five million 
acres, standing only second to jowar {Andrcypogon Sorghum) in the area occupied. 
The actual area in the several divisions of Bombay in 1924-25, the last year for which 
we nave records, was as follows: — 

' ■ Acres 

Gujarat .... . . . . . . . , . 368,120 

Deccan . . . . . 2,404,659 

Karnatak , . . 303,510 

Konkan Nil. 

Sind ... . . 1,028,729 

The total amounts to 13 per cent, of the net cropped area of the Western Presi- 
dency, spread all over the province with the exception of the heavy rainfall tracts 
near the West coast, where it entirely disappears. 

Bajri* is the staple crop of a large tract and is the food of large classes of the 
people, but is grown only where it gives better results ^mijowar. It is a light soil 
millet while jaimr is chiefly found on heavier soils, though on much of the land the 
crops are alternative, according as the weather conditions are more favourable for 
one or the other. It is entirely a rains crop and the area fluctuates considerably 

* The general note on the crops whujh follows is largely taken from P. C. Patil, The Crops of the 
Bomba V Presidency ; their Geography and Statistics. Bombay Dept, of Agriculture, Bulletin JiTo. 109 
{1922),‘ 
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f roBi yenr to year. When the monsoon opens witli liberal rainfall, jowar occupies n 
larger area, while when the early rains are deftcient the land put nndei- hajri tends to 
increase. In the Deccan, the tract where hajri growing is most intense lies itv tlici 
Western part of the so called “ Desh.” The crop does well on soniev/hat loss rain- 
fall than is required \yj jowar grown as a rains crop. In Sind, it is the dominant, 
cereal crop of Lower Sind, next to rice, and is very largely grown here, because 
jowar is so damaged by borer (Gldlo simplex) a,s to be almost a failure as a crop. 

It is in very many areas grown as a mixed crop, chiefly with Qajanus indicus or 
pigeon pea. If heavy rain falls when the crop is in flower, it suflers much, and 
hence in the Bombay Presidency proj>er, it is generally sown later than otlier rai'ns 
cereals to avoid heavy showers during this stage of its growth. 

As it is generally sown on poorer land, the average yield is low, being shout 400 
pounds of grain and 1,000 pounds of straw per acre for the Bombay Presidency 
proper. In Sind the yield is very much higher. 

Bajri, as a nutritious food, stands very high and compares very favourably with 
jowar. The straw, however, makes poor fodder, much poorer than jowar straw. 

The main interest which hajri has, however, as an agricultural crop, is that it 
is highly resistent to drought, and can be grown on light and fairly shallow lands in 
the very precarious rainfall tracts in the Deccan and similar regions. The crop 
on this type of land is not a big one, but it is bigger than would be given by any 
other cereal, and the study, of which the present paper is the first fruit, was definitely 
undertaken in order to isolate strains specially highly resistent to drought. This 
has led to a careful morphological study of the plant itself as it occurs in Western 
India, and the present account is based on the material thus collected. 

Name, History and Geographical Distribution. 

The genus Pemisefmii of the Grammece, according to Hooker, consists of thirty 
to forty species confined to the warmer regions of the world. About seven of these 
species are found in Western India, but Pmniseftm typhoideum, is the only culti- 
vated species. 

Very little is known about its history and the jfiace of its origin. Nothing is 
known about its wild form. Kornicke^ refers to the few opinions held by differont 
authors, indicating either India or Africa as the place of origin. Sawer® states 
that it is a native of tropical Asia, Nubia and Egypt. Hooker suggests that its 
abundance throughout Africa would point to that continent as its source, \vhiie 
Ball* is of opinion that tropical Africa is its home. 

The evidence on which some of these opinions are given depends on tin?, wide 
and specialised use made of the crop in the various regions mentioned. ^^Itiwcr, for 


J-F. Kornicke & E. Werner, llandbikoh dar Gairm-khaues, Vol. T, P. 284 {Berlin lS8n). 

2 E. B. Sawer. Bulrush or Munga millet, Oedara Memoirs onB. Africa A<jric., Vol. 1, ] 20.'? (1909). 
*0, B, Ball. Pearl inillet, U, 8. A. Dept, of Agriculture farmers' Bull, No. I(i8. 
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The seed of fiajrt and the young seedling. 

1, Endosperm. 2. Cotyledon. 3. Coleoptile. 4. Coieorhiza. 5. Root hairs. 6. Priniaiy root. 

8. First leaf. 9. Pericarp. 10. Aleurone layer. 11. Starch parenchyma. 


instance, notes tliat among many African tribes and particularly among the Masbonas 
it is used as a famine crop being planted when maize or other millets (such as 
EUusine comcana) fail. It is valued by tliem as being cultivable with, profit on soil 
too poor for maize. 

Whatever be its origin, its present cultivation is very widespread. Apart from 
tSouth and Central Africa, Ball notes that it has been grown in Arabia and Egy|)t 
for more than three hundred years, and that it is also extensively cultivated in 
kSouthern Europe. It was probably carried to America a t a very early date, and was 
introduced into the United States in the fifties of the last century. There it has 
steadily gained appreciation of its value for grain and green fodder. 

In India it is grown in all Provinces except Burma and Assam. Bombay has 
the greatest area, four to five million acres. Kext in importance are the Punjab 
and the United Provinces, in each of which there arc between two and three 
million acres. The total area in India is about sixteen million acres annually. 

Structure, Viability, and Germination of the Seed. 

In size and shape, the seed of cultivated bajri is extremely variable, being usually 
irom. 3 to 10 mgm. in weight and in appearance altnost oval, with one of its ends 
more or less tapering. It is by this end that it is attached to the spike. Its 
colour varies from whitish j'ellow to dull light blue. 

The pericarp has usually a smooth and shining surface, though there are cases 
when all tlie grains in a head have the surface very rough at the broader end. It 
consists of a series of elongated, thick-walled cells, five or six in number, arranged 
one over the other. The colour of the grain is the colour of ])eriear]) : the contents 
do not vary appreciably in tint. (Plate II). 

The endosperm, as in other cereal grains, fills the whole of the interior of the 
jp-ain except the small space occupied by the embryo. It may be divided into two 
])arts, the aleiirone layer and the starch parencliyma . The aleiiroiie layer surrounds 
the rest of the endosperm and is one cell thick, the cells being twice as long 
as they are broad. The starch parenchyma consists of thin walled poh^hedral cells 
u'ith their lung axes arranged usually at right angles to the surrounding pericarp. 
Adjoining the aleiirone layer, they are comparatively small, becoming two or three 
times as large in the centre of the endosperm. 

The embryo consists of a short central axis terminated above by the jdumule and 
below by the radicle, and bearmg from its middle portion the large cotyledon. The 
plumule remains completely enclosed in the firm cylindrical coleoptile. 

ViabiKiy. Very few data could be obtained as to the length, of time during which 
the seed remains vialde under the conditions of the Boiubaj/ Deccan. We 
were able to make tests in 1925 of samples from the crop of every year since 1919. 
These had been stored with naphthalene balls to keep off insects. The seed of 1919 
had been kept in a bottle ; all the rest had been preserved in paper packets. 
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The results of geriniiiation tests with this stored seed in i.025 were as follows 


•Per oout. 
gei’minatioTi. 

lyp) . . . ... . . . . . . . 5i. 

1920 . . ■ ■ . . . . . . . ■ . . . . :r/ 

1921 , . . . . . . TA : 

1922 . ■ . ■ ' . • . . . . : ,8S 

1923 . . ... . . . . ,• • . . ...... . . 1)3 

1934 . . . ... 97 


The higher figure for 1019 over 1920 may be the result of keeping the for] nor in 
a bottle. 

Germination oj hajri seed. When bajri seed is placed under suitable conditions 
for germination, it first absorbs 50 per cent, of water and swells. In twenty-four 
hours the coleorhiza appears from the pericarp and twelve hours later the primary 
root brealcs out. Almost at the same time, the plumule breaks througli the 
pericarp. The coleoptile remains intact, however, until it reaches the surface of 
the soil. (Plate 11.) 

The depth to which bajri seed may be planted with success has an important 
bearing on the question of the improvement of the crop. Planting at different 
depths was tried in the case of the Deccan variety in the cold as well as the rainy 
season. The cold weather results show that in all cases where the seeds were 
planted more than .ten centimetres deep, no leaves were able to reach the surface, 
and that the. maximum elongation of the epicotyl was only six centimetres. 

In the wet season seedlmgs-Trom such depths as thirteen centimetres have come 
above the ground and the maj^imum elongation of the epicotyl in theii’ case ims 
ten cantiinetres. ’ 

The Root System of Bajri. 

■ The embryonic plant gives rise to only one primary root, which on bursting 
through .the . coleorhiza continues downwards giving rise to lateral branches 
throughout its length. The lateral branches are extj*emely delicate, being not 
more than one-fifth of a millimetre in diameter. The work of the primary root is 
soon suppleraeiited by secondary roots, springing from the first and still higher 
nodes of the plant. These do not begin to appear until two or three leaves have 
appeared iibove the surface. The first to rise is a pair of roots from the first node 
of the plant, each of them being one right angle away from the first axillary bud. 
These do not, however, appear simultaneously on both sides. 

On the second node, another pair develops in like manner, and from each suc- 
ceeding node two further roots appear, arranged similarly with regard to the nodal 
bud. At the base of the stem, near the ground, where the internodes are longer, 
four or six roots are produced at eacli node. The upper series of these usually form 
very strong props, which assist in keeping the plant erect. Each tiller develops its 




mim 


7. Root branch. 
14. H3^roscopic 
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own iiidepeiident system of secondary roots, wldch follow the same general arrange- 
ment in pairs as that of the primary stem. 

Types of root system. The root system of a good many plants has been exa- 
mined by * Weaver’s method, which though laborious seems satisfactory. The 
following notes were made as a result of the examinations made by this method. 
{]) In tillered plants, the root system spreads very widely in all directions, 
the extent being largely detennined by the number of tillers. 

(2) Tlie horizontally spreading roots are confined to the uppermost ten or 
twelve centimetres of soil. They are, however, much thinner than 
those which go downward. 

(b) Each secondary root starting from the base of the plant, gives olf very 
thill lateral branches at angles varying from seventy to ninety 
degrees. 

(4) Types of hajn with a siireading habit have a much greater amount of 

horizontal roots, and these are mostly confined to the surface layers 
of the soil. 

(5) When the vertical roots penetrate crevices in wturum (the soft rock re- 

sulting from the degradation of Deccan traj)) they become very much 
thickened, apparently as a means of widening the crevices. 

(6) The excavated plants which were allowed to remain connected with the 

soil by a very few roots, continued to live normally for the rest of their 
life, — over four weeks, — and flowered and fruited quite normally. 
This gives an idea as to how the plant can flourish on a very much 
diminished root system. 

(7) WTien sub-irrigation was used in pots, the roots altered their character 

and were largely attracted to the moist layer, and even to the lower- 
most layer of gravel in pots 25 inches deep. 

Anatomy oj the roots. A transverse section through a well developed root 
shows the following tissues (Plate III) 

(1) The outer piliferous layer of thin-walled elongated cells, from many 

of wflioh root-hairs are developed. 

(2) The exodermis consisting of two or three layers of thick-walled cells 

beneath the iDiliferous layer. 

(3) The broad cortex made ux> of five or six layers of thin parencliymatous 

cells. 

(4) The endoderniis, which is a single layer of cells with thick inner walls. 

(5) The pericycle, consisting of one layer of cells, with cell walls thickened 

on all sides. 

(5) The xylem and the phloem groups arranged alternately in a ring, 
and lined from within by a band of sclerenchymatous fibres. 


*J. E. Weaver. Eeological Eelations of Roots. Ourn&giQ Imt'dutei Wash Pub. (1919). 
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(7) The central portion of the stele consisting of rnoderateiy tliiolc-waiied 
parenchymatous cells. 

The Stem of the Bajri Plant. 

The stem which originates from the embryonic shoot grows on continuously 
into the shoot proper and consists of several segments or interiiodes joined together 
)-)y structures known as nodes. The whole length of the lower fuid much of the upper 
iiiternodes is invested by leaf sheaths. Prom each node there is xrroduced one leaf 
and one axillary hud. The latter may either remain dormant or grow into a tiller or 
axillary shoot according to its position under or above ground. At the uppermost 
node, however, the bud is absent and from that node the inflorescence appears. 

The iMernode. The lengths of several interiiodes increase from the base to the 
apexof the stem except the lowermost four or five which are very condensed. 
About the time of flowering, the topmost internodes, however, show an extra- 
ordinary rate of increase in their length. Each individual internode is thickest 
in the middle and tapers more or less evenly towards both cuds. It does not possess 
any cavity within. Its thickness also varies considerably, 4-7 mui. being the usual 
range of diameter at the middle. In some varieties, hairs are a, Iso found on the 
upper part of the internodes whicli are not covered over by leaf slieatlis. 
Frequently, internodes of a reddish colour are also met with, especially at the 
base of plant. 

The node. The nodes of an individual plant are all hairy, the quantity of hairs 
at each node increasing from the base to the apex of the stem. The extent of hahi- 
ness also varies in different strains, some being more hairy and others less so. Very 
frequently, plants with reddish or reddish hrowji nodes are met witli. 

The length and thickness attained by an individual plant is influenced by a 
number of independent factors and varies very much according to the variety and 
other conditions. In crops of the local variety grown by the author at Poona, the 
height has in extreme cases reached 203 centimetres (81 inches), but most frequently 
was between 100 and 150 centimetres, (40 to 60 inches). (Plate VI. Fig. 1-A.) 

Anatomy of the stem. A transverse section through the stem presents the 
following structures. (Plate III.) 

(1) The epidermis consisting of a single layer of cells witli walls very much 

thickened from outside. 

(2) The cortex consisting of one or two layers having more or less thickeiietl 

coll walls. 

(3) The ground tissue made up of thin-walled pareuchyina extending from the 

cortex to the centre of the stem. 

(4) The vascular bundles : in the peripheral region of the !5tem there are 

usually broader and more closely distributed than those in the contra! 
part. They contain air .spaces on the inner side of the xylem por- 
tion and are surrounded Ijy sheaths of sclerenchyma. 
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Tilierixig in the Bajn Plant. 

Altliougli tillering is of very frequent occurrence in tiie hajn plant, and tliougli 
it may arise from any of tlie underground axillary buds either of the main stem, or 
of its branches, 3 "et it is 0 ]dy found to a small extent among the plants of a field 
crop of bajfi. As studied in the case of the Deccan variety at Poona in 1921, tlui 
following shows the extent of its occurrence among plants in rows in the middle 
of an ordinaiT field of this crop : — 


The absence of tillers does not, therefore, arise from any laclc of capacity to pro- 
duce tillers, and these latter develop profusely when plants either occur near a water 
channel, or are widely spaced, or are highly manured. When the main shoot is 
arrested in growth owing to disease or damage, tillers develop profusely and if the 
main shoot lies flat owing to trampling or to heavy rain, tillers will spring up in 
large numbers. Plants growing in the cold weather and consequently stunted, often 
give many tillers; and late varieties have often a larger number of tillers than others. 


Axiiiairy Branches or Shoots in Bajri. 

The presence of frequent axillary branches, arising from the axils of the main 
stem, is rather characteristic of the bajri plant- They are not, howe\’'er, anything 
like so vigorous as the tillers referred to above, and only develop usually two or 
three internodes. They are found with very great frequency in lodged plants and 
in those from which the upper portions of the main stem are cut olf. 

The relationship between the number of tillers and such axillary branches was 
determined in the central portion of a bajri field of the Deccan variety in 1921. 301 
successive })laiits were examined with the following results : — 


Number oj iiUer- 


Three tillers 


axillary shoots 
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It will thus be seen that there seems to be a greater jjortion of axiilary shoots 
among tillered plants than among those without tillers. This may mean that the 
environment which favours tillering also favours branching, or it may mean that 
plants which tend to inoduce tillers also tend to produce the other type of lu-anches. 

The Foliage Leaves. 

The foliage leaves of bajn are arranged on the culms alternately, in two opposite 
vertical rows, each leaf having a divergence of 180® from the next above ajid below it. 

The sheath, which is somewhat thicker than the lamina, encircles the culm com- 
pletely. The inner portion of the sheath is rather white and somewhat transparent. 
The outer surface of the sheath is usually glabrous ; but there are some jjlants often 
found in this crop in which the outer surfaces of the sheaths are clothed with short 
hairs. This hairiness is, as a rule, associated with that o" the lamina. Occasional]_y 
sheaths, especially basal ones, with a reddish outer surface are also met with. 

The lamina or the leaf blade is linear and parallel veined. The upper surface of 
the blade possesses a series of longitudinal and slightly raised ribs which are absent 
on the lower and hence the lower surface is usually smoother than the upper one. 
In the majority of plants the basal portion of the lamina possesses hairs along the 
upper margins, while plants without hairs also exist. These hairs, being three to 
four times longer than the sheath and lamina hairs, can he easily distinguished from 
the latter. When the lamina is hairy, hairs similar to the sheatli ones are to be 
found on both the siu’faces throughout. (Plate IV.) 

The ligule closely surrounds tlie stem just above the leaf sheath, and is a small 
white structiiTv) four to five mm. in length with hairs starting from its edge. 

The length of different leaf blades varies according to their position on the main 
stem. When the aerial part of the stem possesses four or five leaves only, the third 
leaf from the top is usually the longest and that next above it will probably be the 
broadest ; but in cases of stems having six or seven leaves, the fourth leaf from the 
top will have the maximum length and the one immediately above it will have the 
greatest width. Thus, the position of the leaf having the maximum length or 
breadth on the main stem will descend with the increase in the total number 
of leaves. 

Stomata are found on both surfaces of the leaf approximately to the sanu^ 
extent. The number of stomata per square millimetre on the lower surface varies 
usually from fifty to eighty, the vigorously growing plants possessing a smaller 
number* 

Anatomy oj the leaj. The epidermis of the leaf blade consists of rectangular 
cells arranged in parallel row's along the long axis. (Plate III). Parallel to the 
midrib of the leaf blade and spaced at regular intervals there is a series of veins each 
having a single vascular bundle. These vary in size, every tenth to fifteenth one. 
being much larger than the others. The larger veins are found to be slightly raised 
on the upper surface while they are flush with the lower. 
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Tlic epidermal eeiis over tlie veins are usually elongated and tbick-walled. Uni- 
celiular hairs ’which are present on both the surfaces of the lamina are found on the 
side of these veins especially the larger ones. At the bases of the veins on both 
sides there is usually a single line of stomata. 

Between two ^■eins of the upper epidermis there occur longitudinal groups of 
motor or hygroscopic cells which contain water under normal conditions. When 
transpii’ation is excessive these cells lose their water content and cause • the 
upper surface to shrink and curve inwards, tending to check any further loss 
Ihrough the stomata. 

Vascular bundles found usually below the large veins are similai to those of the 
stem. They possess sheaths of sclerenchyma often extending up to the epider- 
mis. Tiie xyiem and the phlcem of these bundles are situated towards the upper 
and the lower surfaces respectively. The smaller bundles possess sheaths of cells 
containing a large amount of chlorophyll. 

The Bajri InEoirescence. 

The inflorescence of baj/i is a terminal compound spilce with a variable number 
of rachillee spirally arranged round the central axis. The rachillsB, which vary 
considerabty in their length, bear at their apex a whorl of bristles enclosing usually 
two spikelets, each of vrhich consists of a male and a hermaphrodite flower. The 
rachillse, spikelets, flowers, etc., will be discussed under separate headings. 

T/ie node at vShich the inflorescence is borne on the main stem. Within flive or six 
weeks from sowiiig, the bajri plant puts forth its inflorescence. This is, however, 
marked by the rapid increase in the height of the plant owing to the lengthening of 
the peduncle and the internodts below it. Earliness or lateness is roughly deter- 
mined by the number of internodes that the plant possesses, since the period of 
growdh will also increase along Vvith the number of internodes. It was thought 
necessary to possess some data as to the variation in the number of internodes 
that the main stem has under crop conditions. This could not be done completely 
owing to the great difficulty of counting the internodes below the ground level and 
hence the coimting had to be confined to the aerial portions only. 

Eor this purpose the node at which the inflorescence appeared, counting from 
the ground level, -was recorded in 1921 in the case of 297 plants of the Deccan variety 
of this crop occupying tlie centre of a normally grown field. The following results 
were obtamed. 

Percent, 


Plants witli three nodes below inflorescence ...... PO 

Plants with four nodes below inflorescence . . ... . 26'3 

Plants with five nodes below inflorescence . . . • • • 38*0 

Plants with sis nodes below inflorescence . . . . . . • 31 -0 

Plants with seven nodes below inflorescence ...... P-i 

Plants with eight nodes below inflorescence O-S 

B 2 
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Five iiiternodes was the most frequent number possessed by 38 per cent, of the 
crop plants. Three and eight internodes were the extreme cases. (Plate VI, 
Fig. l.B), 

The mchis. The raohis or the axis of the iniloreseence is a straight sf)lid cylin- 
drical structure, as long as the length of the earhead. It tapers more or less gradually 
towards its apex. It possesses a thick coating of soft sliort hairs all over. It is 
usually unbranched and in rare cases it may divide itself into two or three branches. 
An extremely rare instance was noticed in which it possessed in all seven branches. 

The thickness of the rachis varies considerably. In some varieties, for instance 
in the Gajwel variety, the circumference often measures as much as twenty-live 
millimetres, while in the Deccan variety it is much less. The measurements of 
fifty rachides chosen at random from a normally grown crop of the Deccan variety 
are given in the following Table : — 


Ciroumferenc-e of tlio raeliis 
at the middle 

mm. 

nun, 

e 

mm. 

7 

min. 

8 

mm. 

9 

1 mm. 

1 “ 

.mm. 

11 

Number of ear heads in each 

1 

1 

11 

15 

15 

■ 

wm 

Percentage * , . 

2 

2 

22 

30 

30 

H 

mM 


Eight or nine millimetres was the most frequent circumference of the rachis 
with five and eleven millimetres as extreme cases. The plants did not include any 
types with thick rachis. (Plate VI, Fig. 2- A.) 

There seems to be a negative correlation between the thickness of the rachis and 
the length of the rachilla. The rachilla3 have very short length in the case of 
heads having very thick rachis, hut the reverse is true only to a limited extent, for 
thin raches are not necessarily associated with long rachillse. 

The mckillcB. The rachillse or the secondary axes of the inflorescence are a series 
of small structures arranged spirally round the central axis, each carrying a group 
of spikelets enclosed in a whorl of bristles at their apex. They are inclined to the 
rachis at varying angles, the ones in the middle being usually of 80°, while those 
towards the base and the apex gradually decrease until they become as small as 30°. 
The surface of the racbillse hawS a thin covering of elongated hairsunlike that of 
the main axis. (Plate V A— E.). 

In thickness the rachillfe are scarcely a millimetre, but their length varies consi- 
derably from 1 to 7 millimetres in different types and also in different regions 
of the same spike. In types with a very thick raohis, the rachillse are extremely 
short, so also in some other varieties of this crop, for instance the African bulrusli 
miliet. The rachillse in the second or the third fifths of a spike are usually the longest, 
while those below and above it gradually shorten until their length reaches its 
minimum in the uppermost part of the spilce. 





M 

mm 

iiW 




The earhead of the Bajri plant. 
A. An earhead.^ B. An earhead showing the arrangement of rachillae. ( 
bristles with and without hairs. E. An elongated bristle with hairs, 
\yith two spikelets. H. A rachiHa with three spikelets. 


C. A rachls with a few rachillae. 
F, A rachilla with one pikelet. 


D. Ordinary 
G. A rachilla 
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'['he length of the rachilhe and their inclinatiori to the racliis are together 
partly responsible lor tlie thielviiess of a particular region of the spike. In cases 
with vtnT short racliiilai, the deficieiicy is usually made up by the greater thickness 
of the central axis. The varying length of spikelets also contributes to some extent 
to the thickness of the spike. 

Th' immbo.r of rachillcG earhead. In order to study the variation in the 
number of rachiii^ per earhead, fifty main earheads were selected at random from 
a normally grown crop of the Deccan, variety of hajrl. 'The results are given in 
the following Table : — 


No. of raoMHaa per ' 
ea: head 

500 

600 

700 

800 1 

9)0 

1 too.) 

1100 

1300 

j 1300 

1100. 

No. of earheads 

2 

4; 

I: 

.10' 

7 

i 7 

6 

2 

5 

1 

Percentage 

4 

8 

12 

20 ! 

1 

14 

1 

12 

4 

10 

2 


Eight hundred rachillse per earhead is the most common type met with in the 
Deccan variety, though the number may go to five hundred and fourteen hundred 
in extreme cases. (Plate VI, Fig. 2-B.) 

The avemge nv.viher of rncMlke in different parts of the eurhead. In the case of 
the fifty earheads already referred to, the distribution of the rachiilas in five equal 
divisions of tluj head was studied and the average number found in each part is 
shown in the following Table : — 


Averago No. of raehillffj in dift'ftrent. 
litt'lis of earhearls 

PAHTS of EABIIBAD 

Ba.‘;E TO .AVEX. 

i:j5 

202 

22(> 

ill 

152 

Average total No. of ratiMlla? 054 (^average 
of SO heads). 

Percentage. 

i, 

14-4 

21-0 

. 244 

22-8 , 

, . 

, 10*5 


The nmnber was maximum in the middle one-fifth, bait it decreased gradually in 
both directions, (Plate MI, Fig. 1* A.) 

The density of mMlcv.. Tiuj number of rachillre on the unit surface of the racliis 
at its middle was studied in the case of the fifty earheads already mentioned. The 
middle portion, which, is less liable to vary in thickness, was thouglit to be more 
suitable for comparison. The results obtained are given in the following Table : — ^ 
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No. of eplkelets 


No. of earheads 


Percentage 


The figures show that there is a great variation in the density of the rachillie 
in the middle portion of the earhead. Fifty and one hundred and eighty racliilliw 
per square centimetre were the extreme eases found. Ninety I’achillaj per H({usre 
centimetre was the most frequent number in earhead, s of the Deccan variety. 
(Plate VII, Fig. 1-B.). 

The Spihelets. It has been already state.! that at the end of each rachilla 
there is a whorl of bristles enclosing several spikclets — ^usually two. The whorl 
consists of 35 to iO bristles when it encloses only one S 2 :)ikelet, but tbe number of 
bristles goes on decreasing along with the increase in. the number of spikclets 
within the whorl. The bristles are almost as long as the spikclets, slightly curved 
in shape and possess a scabrid surface. The outer ones are not hairy and yre some- 
what shorter than the inner ones, but the latter, though hairy, sometimes droj) 
their hairs especially from the upper portions of the bristles. In thickness tin*, 
inner ones slightly exceed the outer. In awned varieties some of the inner 
bristles elongate three to five times their usual length and form what are known as 
awns. The bristles or the awns in some eases have a pinkish colour varying 
widely in intensity. 

Enclosed within the whorl of bristles there is a group of spikclets usually two, 
but the number may vary from , spike to spike and also in different ]?arts of tlm 
same spike. There are usually two flowers in the spikelet, the lower one being 
male and the upper hermaphrodite. The length of the spikelet varies from 3 to 6 
millimetres in different types. 

The total number of spikclets in the earhead varies considerably in different 
types according to the number of rachillse and also the number of spikelets on each 
rachilla. In order to have some idea as to the variation of this number, the fifty 
earheads already referred to were examined and the r6,sults obtained are shown in 
the following Table : — 


The most frequent number of spikelets per earhead is LG25, with 875 and 3,!2r 
as extreme cases. (Plate VII, Fig. 2-A,) 

The average number of spikelets in different parts of the earheads. The distributior 
of the spikelets in different parts of the earheads was also studied side by side in tin 
above fifty earheads, The earhead was divided into five equal lengths and tlu 





PLATE VII. 



Fig. 1. 


A, Average number of rachillaa in different parts of earhead. 

B, Frequency curve showing the number of rachillae per square centimeter. 



Fig. 2. 


A. Frequency curve showing the number of spikelels in earhoads. 

B. Average number of spikelets in different parts oi earhead. 
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eaeli divisioii. The average jramber found in each 
Table:— 


jnimber of spikelefcs noted in 
pari is shown in the following 


More than twenty five per cent, of the total number of spihelets were found in 
tile middle fifth of the earhead and the number gradually decreased towards both 
ends of the earhead. The extent of the decrease in the upper part \ras much 
more than that in the lower part of the earhead. (PI te, "N If, Pig 2 ). 

DHJereid nmuher of s-pikdets found on the racJiillcp.. In order to study the variation 
in the number of spikelets found on the rachillae, the raclilllse of the above fifty 
earheads were examined and the number of spikelets in each case was noted. The 
groups of rachillse bearing different number of spikelets are shown in the following 

'fable and also represented in Plate IX, Fig, l-A.), 


The number of spikelets varied vndely from 1 to 10 per rachilla. More than 
seventy-two per cent of the raehillce bore two spikelets each. Amongst the rest 
those with one and three were present to an extent of twenty -six per cent. All the 
rest did not form even one per cent, of the total number. (Plate IX, Fig. 1-A.). 

" VcmuHon inlhe nmriherof spikelets pef facMlla in differ eMl parts of the earhead. 
The average number of rachillie found in each of five equal parts of the earhead. 
has already been given, while the number of spikelets borne by those rachillas has 
been also mentioned. From these turn figures, the number of spik dets per 100 rachillse 
in di^went parts of the earhead has been obtained and shown in the following 


Table, as also in Plate IX, Fig, 1-B ) 


APEX. 


Pa. its ol' eavljead 


Nuuihov of spikelets per 100 rachilfe 


Xo. of spikelets 

1 . 

2 

! 3 

4 

I ® 

6 

7 

8 

il 


No. of rachillffi. 

7,64(5 1 

03,651 

1 4,4!t8 1 

364 

61 1 

20 

6 

0 

0 

1 

Total 46,247. 











Percentage 

Ifi-G 

72-8 


•8 

•15 

•or> 

0 

0 

0 

0 


I’arts of earheads 

} Ease 

. . , TO . 

APEX 


1/5 

1/5 

1/5 

1/5 

1/5 

Numl er of spikelets in each. 

312 

438. 

402 

372 

1 220 

Total Ism. 






i ’eroentage 

n-3 

24*2 

2o'5 

20-5 

12-5 


1/5 .. 

1/5 

1/5 

1/5 

1/5 

2;’, 5 

210 

204 

176 

14S 
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Tlie average number of spi’selets per lachilla in five equal parts of earbead 
decreases from below upwards. In tbe lowermost one-fiftb, it is 2'355 in tlie middle 
slightly above 2, and in the top one-fiftb it is approximately 1*6 per racbilla. (Plate 
IX, Kg. 1-B.). 

The hajri flower. The spibelet wbicb is shortly pedicelled is usually ovate or 
oblong in form. It consists of two flowers lying closely together, of wliich the 
hermaphrodite one is slightly longer than the other which is staniinate. (Plate Vlll.) 

The empty glumes (I & II) are quite rudimentary often reduced to small 
membranous bands. The two inner glumes (III & IV) differ slightly from one 
another in form. Grlume III which contains the staminate flower, is somewhat 
smaller than glume IV and slightly broader at the apex and possesses cnl}' 
3 nerves, while glume IV which contains tie hermaphrodite flower is ovate, 3 '6 
mm. long, glabrous, 5-7 nerved, with incurved ciliate margins and acute 
apex. The paleae in both cases are two nerved, broad, delicate, thick and 
translucent structures encircling the stamens. Lodicules are however absent. The 
stamens are three with filiform filaments and versatile linear anthers. The ovary 
is monocarpellate, one-celled, containing a single ovule. The style which divides 
itself into two hranches in its upper part possesses stigmatic hairs over its surface, 
each of which is capable of admitting pollen tubes. 

Variation in the nature of floivers. A slight variation from the usual nature of 
the flowers in spikelets has been found in a very few instances. In all cases of 
involucela containing one spikelet, the flowers of the normal type, i.e., one herma- 
phrodite and one staminate, were found. In cases having two spikelets each, the 
staminate flower was absent in one or both spikelets. When the involucels contained 
three spikelets, one of them possessed both flowers staminate. Lastly, only in one 
case of an involucel containing four spikelets, the staminate flower was absent 
i n one of them. In no case, the spikelet consisted of more than two flowers. 

Pollination. The main inflorescence of bajri emerges within five to ten weeks 
from the date of sowing, but this period may vary according to variety, climate and 
other unknown factors. The appearance of the spike is accompanied by the rapid 
elongation of the pednncle and also the internodes below it. 

Two to three days after its emergence, styles begin to protrude first at the to ; , 
then gradually downwards, requiring usually twenty-four hours to reach the base 
of the spike. The styles, to attain their full length of 5 to 7 mm., require thirty 
six to forty-eight hours and after remaining fresh for a day or two later, they begin 
to dry up. 

Just after the styles have started drying up or a little later, the anthers push 
themselves out of their glumes, first in the region slightly above the middle of the. 
spike and continue to appear both upwards and downwards, taking usually forty 
eight hours to reach the basal portion. Late in the season, the styles, as also the 
anthers, take a longer time to finish their protrusion and sometimes the anthers 
start appearing from the top instead of slightly below it, 
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lu any spikelet, the antliers of the hermaphrodite flower appear two to three, 
days earlier than tliose of the stamiuate. The same thing happens when there are 
two or more, spikelets in an iiivoliicel. This is how a new series of anthers is often 
st;en protruding fi'om regions already covered with anthers. 

The opening of the anthers takes place from the tip downwards. They have 
found to dehisce at any hour dunhig day time, but evidence is lacking as to what, 
extent this happens during the night. Early in the moriung, however, a great many 
anthers are u-sually seen undehisced, which suggests that the dehiscence has either 
stopped or proceeded at a slower rate. 

Tlie prt>1 og 3 nions nature of the flowers as described above suggests the vast extent 
of cross-])oLli nation that is taking place in this crop. Even if there be a larger 
number of styles looking fjir'te fresii when the anthers first appear, the abundance of 
foreign pollen already floating in the air scarcely provides an opportunity for self- 
pollination to take place. In the lowermost part of the spike, however, the styles, 
owing to tlieir late emergence stand some chance of coming across pollen derived 


from the same inflorescence. 

If the access of foreign pollen be prevented by putting over the spike a close- 
lueshed cloth bag immediately after its emergence, the styles that appear within 
do not dry up as early as they do when exposed. This is probably due to the greater 
humidity within the bag and also the delayed (here, self) pollination which does not 
induce them to dry up earlier. The bagged earheads set well and produce grains 
all over to the fullest extent. 

Individual cross- pollination is too difficult to practise to any extent. It has 
lieen observed that the styles and also the anthers in the lowermost part of the spike 
are the last to appear ; but the time taken by the anthers to spread to the lowermost 
part of the spike .is much more than is required by the styles. Thus the interval 
between tlie appearance of the styles and the anthers is greater in the lowermost 
regmn than in any other. This difference in period may he taken advantage of in 
cross pollinating hajfi flowers. The first step wonld be t(j cut off the upper four- 
iiftlis of the spike and bag the rest before any styles appear. After two or three 
days when the styles appear fully, pollen from a previously bagged inflorescence 
should be brought and dusted over the styles, taking care not to expose the latter 
except during the period necessary for the operation. The above should he repeated 
tliree to four times at convenient intervals before any anthers appear. If, however, 
the pollination is delayed, the styles may not dry early with the result that the 
anthers in that region may a|)pear and vitiate the purpose. 

In seven to eiglit days from, the first appearance of the spike, the emergence of 
anthers comes to a close and the development of the ovary commences. .By the 
end of the (irsi; week of its growth, the ovary grows so much as to become visible 
outside the glumes and its contents, which were watery in the beginning, })t',gin 
to timi milky. A week later, it is foimd to have developed into a full-siy.ed grain. 
During the following week, the grain, hardens gradually while 
from white to d ill bluiiih green. 
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TJbe Bajri Earliead. 

f impo^nt part of the plant that has to bo studied in 
detii! Ihe adyaniages or othermse of any variation in tho plant will have in most 
cases, to be judged by the size of the head and by the grain yield. 

Krom the feme of the first appearance of the spike to tho complete ripenini; of 
the grams, the period is usually four weeks or slightly less In late varilries tl ' 
penodisslightly more, but rirere are no further data to Iw wh Cr to 
periodis proportional or not to the total life period of such late plants 
commofr^'’ considerably in different varieties. The most 

on^S- / u ^ oyHnder with a slightly tapering cone in the uppermost 

one-third. Perfectly cylindrical heads are also found especially in varieties with 
very short moWto. At times, the lower portion of the cylinder is 
ness and spindle-shaped earheads are formed. ‘‘‘ 

f , ““pactness or looseness in earheads is a combined result of three different 

Tbe len Jh f ® number per unit surface, the more wiU be the compactness 

are sW tb ""TV" compactness. WheSdte 

each group of spMet „i b - ^ « «™pied by 

^ -U group Ot spikelets wlucli increases vnth the size anr] t. . 


rorceiitage 


*hat have been 

be^irto XVaTw lT --- The above 

toned above. (Plate IX Fig 2 A ) ^ earheads beyond the 

Eit'rs 



PLA'm IX. 


A. Frequeaicy curve 


of the number of spikelets on one rachiila. 

B. Average number of spihelels per hundred rachiila in different parts of earhead. 


Fig. 2. 

A. Frequency curve showing the length of earheads. 

B. Frequency curve showing the circumference of the spike. 




tliiokness of racMs; tlie second, tlie length of xaoMUfe and the third, the length 
of the spikelets. It has been mentioned in a previous chapter that in the case of 
inflorescences having thick racliis, the rachillce are rather short. The variation 
in circumference has been studied in the case of the same one hundred and. fifty 
earheads selected for the length measurements. The analysis of the figures is shown 
in the Table below and graphically in Plate IX, Fig. 2 B. 


Circuraference of the spike iti cm . . 

.'i; 


5-5 

1 

6-0 


7-0 

’ 7 ‘5 

'S-O;; 

,■ . ' k-. ; ' 

Number of heads. Total 150 

'■ ■ -I 

9 

35 

30 

36 

32 ■■ 


Percentage . , . , . . , 

•7 

0-0 

ie-7 

20-0 

37-3 

. ,14-7 

.'',4-7''' 


Seven centimetres was found to be the most frequent circumference, while five 
and eight centimetres being extremes. Plate IX, Fig. 2 B. 

The gram yield. The weight of grains obtainable will vary according to the 
fertility and the size of the earhead. At times, most of the grains that have formed 
are eaten by birds in spite of the watch kept to prevent such loss. 

Infertility has been often stated to be a consequence of pollen having been washed 
away by rain during the flowering season ; but it is often found that soon after the 
rains some of the styles droj) off in a fresh state. It is not certain as to what extent 
the infertility may be attributed, to the washing away of the pollen or to the drop- 
ping of the styles at about the time of fertilisation. 

The variation in grain yield in the Deccan variety was, however, studied in the 
case of one hundred and fifty earheads already referred to in this chapter. The 
figures are classified under groups differing by 1‘5 grams and the number of indivi- 
duals falling under each group is shown in the Table below : — 


W eight of grains in grams 

6-3 

6-S 

8-3 

9-8 

11-3 

12-8 

14-3 

15-8 

17-3 

Xo. of heads. Total 150 . 

8 

13 

31 

2d 

SO 

15. j 

15 ] 

10 


Porcoiitage . . . . 

2-0 

8-7 

20'7 

19-3 

20-0 

10-0 1 

lO'O j 

6-7 

1-8 


Though the maximum nmnber of individuals fall under the class of 8'3 grams, 
the two neighbouring classes, viz., 9 Sand 113 consist of almost as large a number of 
individuals. Hence in this case 8'3 to 11'3 may be taken as the mode. The extreme 
cases of yield observed were 5 '3 and 17 '3 grams. (Plate X, Fig. 1 A.) 

The grain size. The size of individual grains affects to a large extent the total 
yield of earheads. There is a great deal of variation found in the size of grains, 
depending both on external and internal factors. This variation was studied in 
the case of .fifty earheads grown under normal conditions during the year 1921, 
Hone of these represented any extremely small-grained heads and hence the study 
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can be expected to give only a limited idea of tlie variation, found in the .nori-iia! ei’op. 
Tliesixeoigraiiisliasbeenindicatedby the nmnher that go to ma ke one gram. 
results are shown in the Table below : — 


Xo. of grain!! per 1 gram 

90 

100 

110 

120 

130 

140 

IBO 

160 

Xo. of earlicada. Total tr)0 

5 

8 

IS 

■ 17 

' ' ■ S' 


' ' 1'' 

1 ' 

I’orcentage . . . . 

10 

16 

20 

' S,4: 

fi 

' 4 

■ , 2 . 



One hundred and twenty grains usually go to make up) o.!}e gram. (IMateX, 

Mg. I B.) 

The ratio of size of head to grain yield. It is quite essential to have some idea 
as to the amount of grain that one should expect out of a particular sized earliead. 
In order to ascertain this ratio, one hundred earheads of various sizes from the 
Deccan variety wnre selected and weighed. The weight of grains obtained from eacJi 
of these was exprressed in terms of percentage of the weight of the earliead. TJie 
results are shown in the Table below ; — 



Xo. of Leads. Total lOO . I 1 


Seventy-three per cent, is the most frequent pro|)ortioii of grains found, in eai‘- 
hea,ds. The maximum has reached eighty-three per cent, of the weight of the ea,r •• 
head. (Plate X, Fig. 2 A.) 

VariaMori in grain size in different farts of earheads. This was studied in the case 
of fifty earheads selected from the Deccan variety. Each earhead was divided into 
three equal lengths, and the grains from each part were counted and 'weighed. The 
results, as shown in the following Table, indicate the average weight of grains in 
different parts and also their size expressed as the number going to make up one 
gram. 
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The fiiaxirauni, (jiiaTitlty and size of grains is found in the middle one-third of 
earheads. Tire quautity and the size diminishes in the lower oiie-thirdaud it is the 
least in the. upper one-third. The average size of grains in the whole of earhead was 
i 15-5 grains per gi'ton, or 8*60 milligrams each. (Plate X, Pig. 2, B.) 

Varieties of Bajn. 

Mollison^ and Oammie^ have each described the same five varietie.s of this 
ci op as being grown in the Bombay Presidency. The distinctions between these 
vai'ieties are somewiiat marked. There is at least one more variety not included in, 
the above descriptions which is very late and is grown in the Bijapur and Belganm 
.Districts. 

.Besides these five or six, there are many so-called varieties grown all over the 
l^residencv often called after the names of localities in which they are being grown. 
Varioris qualities are at times attributed to these, but they do not always turn out 
to be ti.‘ue when tliey are tested in a different place, iilcola hajri is probably one 
of these, but it is very popular in the Deccan, as an early and high yielding 
hajri. „ 

No botanical description of any of the above varieties seems to have been given 
anywhere. If any attempt is to be made it is necessary to describe these while 
growing in their own locality. About thirty lots of seed of this crop were obtained 
from, different parts of the Bombay Presidency and grown at Poona during the last 
four years (1922 to 1925) to study their behaviour. Each was grown in a single row 
thirty to forty feet long. The seed, wherever possible, was obtained from a single 
(warhead during the first year and from a bagged one in subsequent years. The 
];u'<>geny was studied for various morphological characters including detailed observa- 
tJons on the earhead and grain. A short account of this study is given below ; — 

varieties. Two varieties from Mirpurkhas in Sind, of which one was what 
is popularly termed awned (hut really long bristled), were grown in Poona during 
1923, 1924 and 1925. The awned one produced long and moderately thick earheads 
bearing large grains. The leaves of this type in most cases possessed hairs at the 
base, some of them having hairs on the lamina and sheath in addition, while the 
remainder had no liairs at all. ^Che other variety produced a smaller earhead and 
smaller grains too. The leaves were mostly hairy at the base except i.u a few 
instances in which they were glabrous. Both varieties possessed long ])ristles, but 
the number of sueli earlieads was much greater in the awned than in. the other. 
"[?hii.s, neither of the two varieties behaved as a pure stock in respect of bristle 
length. The big grain .■ wned variety, however, suggests its origin from the 
Jabalpuri, described below: 


1 . 1 . Text, book on Indian agriculture YoMII (1801). 

G. A. ('AMMiK. i’ield and garden crop.s of the Bombay Presidency . Department of Ayricul- 
turc, Bombay, Bulletin Wo. 30 of 1808. 
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The Jabtdjnm, Bhamagari w Giamt hajr’i. TIuh yariety lias been (icscr!])ed by 
Mollisoii as haying coarse stalks and long ijiick spikes of large grain. Ganiniic says 
tliat it possesses grayish-purple bristles equalling or exceeding the, spikele.ts. Heed 
of this yariety was obtained from Cutcli and Bhavnagar and grown separaiely diu-ing 
the last four years. Another variety by name 'Bajro was also tri<;d, but t!i,e name wa s 
found later to be an additional synonym for the above. 

All the above varieties during the four years produtuRl long and very thick ear- 
heads having large grains. The leaves were either glabrous or hairy at the base, but 
in the case of Bajro some plants possessing fully hairy leaves were also found. The 
thickness of earheads in this variety is chiefly due to the greater length of the raclvilla.' 
and hence leads to less compact earheads, 

Malhamlro or Madhodri. Mollisonsays that this variety gives finer straw than 
Bajro and remarks that it is probably an offshoot from the DesM variety of Gujarat, 
Gammie states that it differs from the last described in ‘‘ The thinner and 
shorter gr^yisli-purple sjhkes and in the more membranous glunuis.” 

This was grown for the last four years and has produced long and thick caihcads 
having large grains. The leaves presented all types of liaii'iness and complete 
absence of hairs as well. The plants showed a closer resemblance to Ja].)alpuri than 
to the Deshi variety. 

Nadiad or Deshi variety. Molhson has described this variety as being perhaps 
more vigorous in growth than Malbandro, but the spikes, he says, are thinner and 
shorter and are dull light brown. 

Pour dilferent earheads of this variety were grown separately during 1922, but 
only one was retained from 1923 onwards. Besides these some seed under the name 
Gajwel was also obtained from the Nadiad and Kapadwanj Talukas of the Kaira 
district and grown liore during the last four years. All of these produced very long 
and thin cylindrical heads of a compact nature. The grains were fairly large. 
Leaves of all the usual types in respect of hairiness were present. The rachillee are 
inclined to be very short in this variety and this accounts for the thinness and greater 
compactness of earheads. In some cases extremely long and very thick rachides 
are also met with. 

Aioned variety. Mollison refers to this variety as being sparingly grown near 
Petlad {near Baroda) in Gujarat and also in the Ahmednagar District. It is doubtful 
as to whether this exists as an independent variety. Long bristles may be found in 
all types of hajri to a smaller or greater extent. This character though heritable 
has not been found to be present in all progeny derived from a single carhead. None 
of the amed varieties tried so far have shown any distinct characters other lhan those 
that are described under dilferent varieties. 

The Deccan bajri. Mollison rightly described this hajri as being not so tall as 
other varieties and says that it produces short and thin spikes containing smar' seed. 
He further adds that it is a hardy variety which resists unfavourable conditions 
better than other varieties. Several samples of this variety each with ditleront 
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ascribed qualities were tested dujing the last four years, but noueot them have 
given any perfectly definite characters. Akola bajri has, however, showed its ten- 
dency to be slightly earlier than any of the other varieties tried so far. A sample 
of seed, obtained from Dhulia as that of a drought-resistent and heavy-yielding 
type did not show any indications to that effect. Still another one from Dhulia 
suspected to be dwarf and early and to produce small earheads did not inherit any 
of these qualities. A sample from Kojiargaon said to be earlier than A.kola showed, 
on the other hand, a tendency to be slightly late. Two more samples Sajugri and 
Sajugra from near Pandharpiir — ^the former described to be early, long and large 
grained and the latter, to be late and small-seeded — did not tally even to the seed 
descriptions and when grown in 1924 did not prove to be true to any of the 
ascribed characters. Lastly, one more head brought in 1924 from Kusamba near 
Dhulia and which resembled the ISTadiad variety, flowered late and produced long 
earheads resembling the parent. 

Karmtah variety. This has not been described by either Mollison or Gammie. 
It is quite a distinct variety different from any of those described above. It is grown 
chiefly in the Bijapiir and Belgaum Districts of this Presidency. The plants are 
tall and thick-ciilmed producing long wide leaves very much resembling those of 
Jowar, They have a distinct spreading habit and produce many tillers. Flowering 
commences usually two to three weeks later than in the Deccan variety. Very 
long and thick earheads are often produced but the grains are not very large. Awned 
heads are also found mixed up in this crop. No other variety tested so far has 
remained so faithful to its characters as this one. 

Goimhatore varieties. Two varieties were obtained from Coimbatore which are 
being grown since 1922. The first of these is a rainfed crop knowm as Aravathav, 
Cmnibu (i.e., 60 days Bajri) which is sown in its native tract in September or October 
and harvested three months and half later, i.e., in December or January, This, 
in comparison with the Deccan bajri, is found to be late by a fortnight. The other 
one is TUrupathi Gumbu, a short duration variety, sown in garden lands usually 
in the month of April and watered three or four times during its growth. This is 
found to be slightly earlier than Gumbu but not in any way superior to 

the Deccan variety from the point of earliness. 

Both of these possess long, narrow leaves, tender in appearance. The culms are 
somewhat thin and do not attain any great height. The earheads are long and 
cylindrical but much reduced in thickness. The grains are usually elongated being 
much smaller than those of the Deccan bajri and remain almost completely enclosed 
within the glumes. None of these appear to be hardy enough to suit the Deccan 
conditions. 

African varieties. Two varieties, one named Bulrush and the other African, 
were obtained from the Agricultural College Farm, Poona, and grown during the 
last four years. The first of these contained a large proportion of awned heads in 
its progeny and the leaves being directed upwards were quite different from those 
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of tlie Dt'ccan hajn. A third variety called Nigerian was ])roright I’roisi Mirpiirkluii-i 
in 1623 and tried here for three seasons. This also prodiict'd u largo }>j‘(>pf>rtjon of 
awned lieads. The loaves of this variety possessed no hairs tdtiavr a.t tlu', base of the 
lamina or on the sheath and lainiiia in general. 1 he earhoirds in a ll tln^ tin e.o vaaietii'.s 
were uiediiini sized, but the grains in the Nigerian \ver('. slightly suial!e*r ihan in t he 
other two. 


MGIPC~M— 17.2-92—1841-27-660 



